Salmon ranching in New Zealand : biology, economics and policy by Knowles, S.
 
 
 
 
 
 
 
 
 
Lincoln University Digital Thesis 
 
 
Copyright Statement 
The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 
This thesis may be consulted by you, provided you comply with the provisions of the Act 
and the following conditions of use: 
 you will use the copy only for the purposes of research or private study  
 you will recognise the author's right to be identified as the author of the thesis and 
due acknowledgement will be made to the author where appropriate  
 you will obtain the author's permission before publishing any material from the 
thesis.  
 
SALMON RANCHING IN NEW ZEALAND: 
BIOLOGY, ECONOMICS AND POLICY 
Presented in partial fulfilment 
of the requirements for .the Degree 
of 
Master of Science 
in the 
University of Canterbury 
by 
S. Knowles 
== 
Centre for Resource Management 
1983 
. i 
! 
i 
i 
" 1 
, 
'" , , 
ABSTRACT 
Many groups and individuals are involved in decis{on 
making for the allocation of the salmon resource. A 
comprehensive study of the economics of salmon ranching 
in New Zealand has not previously been undertaken. 
Before informed decisions can be made, such a study is. 
essential •. 
In this project, the economic potential of salmon ranching 
is examined, and the major variables that influence the 
economic return are identified. preliminary to the economic 
analysis, the features of commercial salmon ranching in 
New Zealand are outlined. Quinnat salmon biology is 
described, and the environmental parameters that influence 
the operation of a salmon ranch are discussed. The history 
of commercial harvesting of salmon in New Zealand is 
detailed, along with the influence of salmon anglers on 
ranching policy. Local and export markets for salmon are 
examined for each product category, and the prospects_in 
the major markets are assessed. 
A simulation model that incorporates the important linkages 
between biological and economic variables is developed. 
The model is used to determine the net benefits to the nation ., 
from operating a salmon ranch. Subsequently, the sensitivity 
of economic return to the biological and economic variables 
is tested. Finally, the model is used to evaluate the 
effect of three aspects of salmon management policy on 
economic return, namely; ranch location, other forms of 
salmon aquaculture, and disposal of salmon caught at sea. 
Results show that salmon ranching can yield an "acceptable" 
economic return to the nation under certain conditions. 
Economic return is found to be most sensitive to the 
biological variables of hatchery carrying capacity, hatchery 
mortali ty, I ',and survival of. released salmon. 
: ..:. -:., .". -. - . - ~ 
Market price and feed costs are identified as the most 
significant of the economic variables. Ranch location is 
revealed to be a crucial factor. in determining the 
economic return from salmon ranching. 
Taking these results into account, the characteristics 
of a salmon ranching investment are examined and found 
to diverge significant.~y from alternative investments. 
From this, it is concluded that unless salmon ranches can 
be located at or near river mouths, development of a 
salmon ranching industry that also enhances the sport~ 
fishery is unlikely to occur • 
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CHAPTER 1 
INTRODUCTION 
Efforts to introduce salmon in New Zea.land began in the 
1860's. Observations made in the early 1900's confirmed 
the successful establishment of quinnat salmon runs in 
South Island rivers. Commercial harvesting of salmon 
commenced in 1925 but was curtailed·in 1952 in favour of 
the ~ecreational fishery. Overseas, the emphasis in 
l. 
salmon management has shifted from activities designed to 
maintain natural stocks, to ranching, where salmon popu-
lations are being expanded beyond the level supportable in 
the natural freshwater environment. In New Zealand, the 
preliminary success of experimental enhancement programmes, 
undertaken during the 1970's, has encouraged the development 
of private salmon ranching. 
I
salmon ranching is defined as an aquaculture system in which 
' ... captive juvenile fish are reared in freshwater, and then 
;: released to the sea where they grow unprotected and develop 
11 into adults. Between one and four years later, surviving 
~. adul ts return to their release point to spawn and are 
R\harvested for sale or used as broodstock. 
it ~Or'S 
Economic benefits received by individual salmon ranches 
from enhancement operations depend upon the property rights 
accorded to them. Salmon released by ranches in,to rivers 
or the ocean become part of the common property fishery. 
Access to the fishery, or mo~e specifically, the right to 
proprietary harvest is defined according to precise, rules 
and regulations for each interest group. In a similar 
manner to land ownership, these rights can be characterised 
by type into (1) rights of capture, and (2) rights of use. 
capture rights are distinguished by method, location and 
season. Use rights are defined by the rules governing 
disposition of catch, the holding of salmon in captivity, 
and the sale of~ live salmon. 
2. 
A number of management institutions are involved in allocating 
proprietary rights for the quinnat salmon resource. For 
example, in New Zealand local acclimatisation societies 
regulate the recreational harvest, and control the release 
and capture points for salmon ranching operations in their 
districts. Responsibility for issuing salmon ranching 
licences, and for controlling harvesting of salmon at sea is 
vested in the Ministry of Agriculture and Fisheries (MAP). 
jAn important question concerning the institutional arrangements 
? is whether surplus fish returning to the hatchery from the . 
~cean can repay the cost of artificial spawning and rearing. 
~r put more realistically, whether the anticipated level of 
~rofitabi1ity is high enough to attract private investment. 
Individual salmon ranches have a production potential defined 
by site-specific environmental parameters. Characteristics 
such as temperature regime and water quality, are as influential 
to potential aquacu1tura1 productivity as soil type and climate 
is to agricultural productivity. A similar analogy can be 
made between the role of management on a salmon ranch, and 
the role of the farmer on a pastoral livestock unit. In both 
situations, the capacity of management to influence economic 
returns can only be as good as the information on which their 
decisions are based. 
Numerous c1aims~have been made on behalf of salmon ranching 
in New Zealand. Some anglers believe that salmon ranching 
may help to preserve rivers in their natural state. Their 
idea, as Mr K. Hpghey, Vice President of the Salmon Anglers 
Association states, Ills to put an economic value on the 
river - a value that might match the irrigatio~ benefits 
and use that in water allocation hearingsll (Arthur, 1982). 
Other enthusiastic businessmen foresee a riew multi-million 
dollar export industry. Reality, though, is less encouraging -
~as yet- no New Zealand ranched salmon have been sold to 
\ consumers. But the real questions remain unanswered. What 
is the economic potential of salmon ranching, and under what 
conditions can it be realised? This project addresses those 
questions. 
, J , , 
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1.1 GOALS, OBJECTIVES AND ANALYTICAL FRAMEWORK 
To provide information for decision-makers 
in both the commercial and public sectors, 
on the factors that influence the economic 
return from salmon ranching. 
Objectives: ~'l) To establish an economic model in which 
existing information on salmon ranching 
can be incorpor~ted. 
(2} To discover the principal parameters that 
influence the economic potential of salmon 
ranching • 
. Analytical' ,Framework 
liThe primary. goal of salmon management surely must be some 
composite measure of human,well-being ll , (Crutchfield, 1977). 
This cannot be measured solely by net economic benefit, as 
account must also be given to distributional effects, 
biological uncertainties, h~storical rights, recreational 
opportunities, and other social aspects. Nevertheless, 
economic maximisation represents a basic starting point, if 
only so that management policy can be structured on an 
understanding of the social cost of alternative decisions. 
Analyses undertaken in this project utilize a conceptual 
framework, suggested by Orth (1977), that measures the 
economic return from salmon ranching on two different levels. 
This is done in recognition of the fact that the operation 
of a salmon ranch creates more fish in the common property 
fishery than the ranch harvests. Economic returnLthen, 
depends upon how broadly the benefits are defined. 
, f , " 
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The first level of the economic analysis measures the net 
benefits, in present value terms, accruing to the ranch 
4. 
from releasing juveniles into the common property fishery. 
Level one economic return is calculated by subtracting the 
cost of all the resources required to construct and operate 
the ranch from the revenues received through the sale of 
returning adult salmon and other salmon products. A positive 
net present value at this level however, does not guarantee 
feasibility. It indicates only that an investment in a 
ranch is capable of earning a positive rate of return under 
the stated assumptions, and is not necessarily a sufficient 
condition to attract investment. --; 
Analysis at the second level extends the study to include an 
estimate of the benefits derived by anglers from the operation 
of a salmon ranch.· At a minimum, the benefits received by 
anglers from catching fish released by the ranch are assumed 
to be equal to the commercial opportunity value of the fish 
caught. Level two economic return is determined by adding 
the commercial value of the fish released by the ranch that 
were caught by·anglers,to level one economic return. The 
difference between level one return and level two return is 
the ranch subsidy to the anglers. Alternatively, if the 
existing property rights are taken as given, it can be viewed 
as the cost to the ranch of obtaining the right to operate 
at a particular location • ., 
One purpose for a formal distinction between levels of return, 
is to establish the amount of external support that may be 
necessary for a ranch investment to be ··feasible, arid compare 
tIiis amount to theestiinates -of externa·l bene·fits. If economic 
efficiency· is· ·incluaed as a JIlanagement objective'for ·t.he enhanced 
salmon fiShery··~:"the.rithe jnstifi'cation Jor supplying external 
benefits is that'th:eir dollar value must be· eq'ualto or' greater 
than the amounto£ subsidy required. 
5. 
1.2 WHY STUDY THE ECONOMICS OF SALMON RANCHING? 
An important question is - why investigate the economics of 
salmon ranching? To begin to answer this question it is 
neces.sary to assess the types of information that the study 
will provide. Firstly, the study will yield an explicit 
statement of the factors upon which economic return depends .. 
commercial salmon ranching in New Zealand is a relatively 
recent innovation. 'For all those involved or wanting to be 
involved in salmon management or ranching, the initial step 
is to isolate the relevant factors that require consideration 
in their decision making. 
Secondly, once the determinants of economic return have 
been isolated,the-n~xt step is to develop an understanding 
of their relative importance. For example, how sensitive 
economic return is to the price of feed. An estimate 
of the relative importance of the factors upon which economic 
return depends will be provided by the study. 
Thirdly, the study will produce a model through which manage-
ment can evaluate the effects of alternative strategies on 
the economic performance of a salmon ranch. One example 
could be to use the model to estimate the economic tradeoffs 
between site sel~ction criteria - such as location, and water 
quality. Another possibility is in evaluating the effect of 
releasing juveniles at different times. 
Fourthly, the structural model developed in the study can be 
used to incorporate and evaluate the impact of future 
research findings on the economics of salmon ranching. 
Conversely, the model also serves to identify areas where 
information is lacking. 
Fifthly, the study will supply an explicit investigation of 
'-} , 
the effect of/current salmon ma.nagement policy on the economic 
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6. 
salmon ranching policy is formulated by the MAF in consult-
ation with commercial and sporting interests (McDowall, 1981), 
(an outline of the legislative basis for salmon management 
and the roles of the organisations involved is provided in 
Appendix 1). The initial policy statement issued on 12/12/80 
has as its primary goal "to support the enhancement of salmon 
stocks and thereby improve the recreational fishery". In 
addition, "anticipated consequential goals associated with 
profitable salmon raching are: 
(a) Substantial export earnings; and 
(b) Reduced dependence on imported salmon products." 
Profitable salmon ranching, however, may be in conflict with 
the primary goal of enhancement of the recreational fishery. 
For every ranch l.icence issued, a balance between profi t-
ability, and the enhancement of t~e sportg fishery must be 
struck. In reality,the choice of ranch location represents 
the balance between the concerns of recreational anglers and 
the commercial interests of ranch owners. Anglers prefer 
an upriver location,so as to increase access to returning 
salmon, whereas ranch owners would like to harvest salmon 
near the river mouth soon after their return from the ocean, 
before the quality of the fish deteriorates. 
Ranch location is effectively decided by the local Acclimatisation ., 
Society (see Appendix 1). For each licence application for a 
particular site, the local society must weigh the expected 
benefits for anglers against the expected profitability 
implicit in a firm's application. Before a society can be 
expected to satisfactorily adjudicate on the balance of 
interests, it must have full information on the economics of 
salmon ranching. 
preliminary analyses of the economics of salmon ranching and 
the salmon ranching industry have been conducted internally 
by the MAF. The initial feasibility study by Baigent (1981, 
unpublished) ~~s'further developed by Costello (1981)<.unpublished; 
1981a, unpublished). 
In his first paper, Costello (l98l) developed a model of a 
salmon ranch that measured economic return from releasing 
all juveniles at a single average weight. Based on a 0.5% 
return rate for juveniles released at an average weight of 
10-15g, and allowing ten years for full run establishment 
with all capital investment in year 1, Costello calculated' 
an internal rate of return of 3.7% at a 10% discount rate 
7. 
for a 10 million ova ranch. In his second paper (198la) 
costEL1~ examined the feasibility of a more rapid industry 
bui~~ by ova supplementation from pond-reared salmon or 
from the expansion of Glenariffe Hatchery. He found that 
neither course of action would generate an acceptable economic 
return. 
Many of the aspects that are important to salmon ranching 
economics were not develop~d in Costello's analyses. 
Principally, he did not study the ~ffect of releasing 
juveniles at a variety of weights, the importance of the 
environmental characteristics of salmon ranch location. in 
determining hatchery production, or the effect of spreading 
capital expenditure over the establishment years. As well, 
his analyses did not specifically investigate the effect of 
current salmon management policy on the economic return to 
salmon ranching. 
Overseas, the feasibility of establishing non-profit salmon 
ranching companies in Alaska has been examined by Orth (1977). 
Unfortunately the differences in climate, salmon species, and 
costs, mean his results have little relevance to New Zealand. 
In a previous study, the author (Lence, Knowles and Sharp, 
~9821 concluded that salmon ranching could produce. an accept-
able economic return. This project develops and re-evaluates 
the model used. Further, the analysis is extended to evaluate 
the impact of current salmon management policy on the economic 
return from salmon ranching. 
Overall, the goal of this study is to furnish public information 
, 1 
on the factors'that influence the economics of salmon ranching. 
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Currently, decisions are being made by various groups based 
on their preconceptions of the economic viability of salmon 
ranching. Private firms are risking investment capital. 
Acclimatisation Societies are approving salmon ranching' 
licence applications and ova allocations. Public agencies 
are deciding upon research priorities, and water management 
agencies are weighing up the rights of salmon ranchers 
against competing water users. Information compiled by the 
MAP on the economics of salmon ranching is not available to 
the public and many of the groups involved in decision-
making. The aim of this project is, therefore, to help fill 
the information gap so that decision-making on the allocation 
of rights to use part of the common property resource can 
be made on a more informed basis. 
1.3 PROJECT OUTLINE 
Chapter 2 describes the biology of quinnat salmon before 
·introducing the concept of salmon ranching. Thereafter, 
the biological parameters that influence·the operation ·of a 
salmon ranch are discussed. As a background to the subject 
of salmon ranching in ~ew Zealand, Chapter 3 presents the 
local history of quinnat salmon and commercial harvesting. 
Included is a summary of current and prospective commercial 
ventures. Profitability of a private salmon ranch depends 
upon the existence of an adequately sized market at an 
adequate price. 1In the latter half of Chapter 3, local 
and export markets are examined for their potential, category 
of product, and price. 
Conclusions reached in Chapter 2 and 3 are synthesised into 
a simulation model of a salmon ranch in Chapter 4. Using 
data derived from a case study ranch, the model integrates 
biological and economic parameters into a cost-benefit 
framework to derive a net present value over the life of 
the ranch. 
8. 
9. 
Results from running the simulation model under two salmon 
return scenarios are presented in Chapter 5. Following this, 
the sensitivity of economic return to the independent 
variation of each parameter is tested. Where relationships 
between parameters exist, but are not determined endogenously, 
parameters are grouped together, and using a range of likely 
values their influence on economic return is estimated. In 
the latter half of Chapter 5 the simulation model is evaluated 
and the significance of the relationships not included are 
assessed. The Chapter concludes with a discussion of the 
uncertainty inherent in estimating the economic return to a 
particular sa~on ran,ch, and its significance to potential 
investors. 4 
In Chapter 6, the simulation model is used to evaluate the 
effect of current salmon management policy on the economic 
potential of salmon ranching. As an introduction to the 
issue, discussion focuses on some of the concepts behind 
valuing the enhanced sports fishery. Second, the influence 
of ranch location on economic return at the two conceptual 
levels is quantified for a particular river and the practical 
difficulties of altering the capture point for returning 
salmon are outlined. Third, the economic gain to salmon 
ranching from liberalising regulations covering other forms 
of salmon ~uaculture is assessed. Finally, an estimate is 
provided of the possible contribution to the economic benefit 
from salmon ranbhing if the sale of sea-caught salmon is 
legalised. 
Chapter 7 completes the project with a summary of major 
findings, an assessment of research priorities and a discussion 
of the implications for salmon management policy: 
I 
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CHAPTER 2 
SALMON RANCHING 
Before salmon ranching can be examined in more detail it is 
necessary to review the relevant aspects of the biology 
of salmon. Section 2."1 provides background details on the 
life cycle of quinnat salmon in New Zealand. Subsequently, 
the concept of salmon ranching is out1ined,and some of the 
environmental variables that affect the success of a salmon 
ranch are detailed. 
2.1 THE LIFE CYCLE OF QUINNAT SALMON 
~~at salmon (Oncorhynchus tshaw~tscha, Wa1baum) are 
anadromous~ That is, they are born in freshwater, migrate 
to the sea to growandinature," then return to freshwater to 
spawn. Their life cycle can be divided into four phases 
each wi~h different environmental requirements. 
(1) Spawning, development and life in the river 
gravels after hatching. 
(2) Early growth in freshwater and migration down-
stream to the sea. 
(3) Feeding and growth in the sea. 
(4) Homi~, return to freshwater and migration upstream. 
10. 
The phases of s~lmon life cycle are illustrated in Figure 2.1. 
Adult quinnat salmon spawn in moderately swiftly flowing 
streams where the coarse gravel is free of silt. Spawning 
occurs mainly in April and May in New Zealand rivers. In 
preparation for spawning the female excavates a hollow, or nest, 
in the gravel with her tail. During spawning she. deposits 
ova into the nest. Almost simultaneously, the male discharges 
milt (sperm) onto the ova to affect fertilization. Proceeding 
upstream a little, the female again excavates a hollow, 
covering the previous nest as the gravel moves downstream with 
the current. This process is repeateds~ra1 times and the 
collective area of nests is called a redd. After several such 
matings the i=ldu1ts die nearby. 
I: 
Hatch 
90 days 
outmigrant Stream residents 
~.l. 
fr . 1-12 months 
Angler 
catch 
Adult 
return 
1-4 ye'prs 
Smolts 
marine 
nursery 
F·IGURE 2.1 The life cycle of quinnat salmon 
(Salmon illustrations from Ellis (1977) 
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Ova hatch two to three months after deposition, depending 
on water temperature. The two centimetre long alevins, as 
they are now called, lie in the gravel. Over the next 
month they consume their yolk sacs and gradually wriggle 
their way up to the water flowing overhead. Emerging from 
the gravel they commence their free-swimming lives as fry, 
and leave the protection of the redd in search of food 
(Ellis, 1977). 
Observations at the Glenariffe Research Station on a 
tributary ~he Rakaia River show that 95% of the fry 
leave for the main river very shortly after emerging from 
the gravel (Flain, 1981). As New Zealand rivers are very 
much shorter than those in North America many of these fry 
reach the river mouth at a very small size and are 
physiologically unprepared to'make the transition from 
fresh to salt water. Of the 5% remaining in their natal 
stream, the majority spend about three months in freshwater 
before migrating out to sea as smolts. Only a few fish 
remain in freshwater for up to a year and migrate as 
yearlings the following spring. 
The diet of juvenile quinnat salmon covers a wide range of 
organisms and mayfly larvae' (Delea'tidi um spp.) have been 
identified as' a major constituent (navis, 1979). 
The high mortality rate of the initial migrants is reflected 
in the scale patterns of returning adults. By ~nalysing 
the distance between "growth rings" on the scales of returning 
salmon, the time spent in freshwater can be qetermined. 
Juv~iles spending more than a year in freshwater account , 
for 20% of adult returns, while 80% have spent part of their 
first year growing in freshwater and less than 1% have had 
little or no freshwater residence (Unwin, 1981). 
Although little is known of the marine ppase and the bound-
aries of the ocean pasturage no evidencJ exists to suggest 
\'j -
that it'is a limiting factor to survival (Eggleston, 1972). 
North American observations have found that the species 
does not range far off~hore, but can travel large distances 
i 
alongshore given water within a suitable temperature range. 
New Zealand catches support these findings with no salmon 
having been captured beyond 48km offshore and most captures 
made in less than 60 metres of water (Flain, 1981a). 
After maturing in the ocean, the salmon usually return 
to their natal stream to commence another breeding cycle 
(see Figure 2.1). Although quinnat salmon in New Zealand 
rivers have a relatively high s~ray rate of up to 10%, the 
majority have the ability to home on their river and stream 
f' 
of origin. The complex sensory system behind this 
navigational feat is still a matter of much speculation. 
In contrast to quinnat in their native waters of the North 
Pacific, .where returns of five, six and even eight year 
old fish occur, most of New Zealand quinnat return as three 
year olds. Returns of some four year olds and to a lesser 
extent two year olds (mainly males) also occur. (Galloway, 
l3. 
1976). The age structure of a run varies from year to year 
and very often between different rivers in the same year. 
A possible explanation for these differences is provided by 
a direct correlation between floods during freshwater 
rearing, and the returns from a brood year (Flain, 1972). 
Adul t,~ salm~eg-i..n the first stage of their migration in 
late November, when they start to appear at the river mouth. 
The start of the "salmon run" commences in December with 
the peak usually occurring in March. 
Once salmon ga:f"n entry to the river they cease tO'feed, 
their digestive tract degenerates and reproductive organs 
mature. Upon entering the river salmon are silvery with 
firm pink flesh, but as ~hey progress upstream their 
condition deteriorates. Salmon in the Rakaia River lose 
approximately 20 percent of their muscle weight during 
.,.-.. \.. .. ~".'~-~ . 
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upstream migration (Smith, 1977). By the time spawning 
. grounds are reached - often two months after entering a 
river, the fish are generally in poor condition. 
2.2 SALMON RANCHING 
World salmon catches have been declining steadily for most 
l4. 
of this century. Reduced catches can be attributed to a 
number of reasons including; the erection of dams preventing 
salmon from reaching their ancestral spawning grounds, 
pollution from industry and landclearing, over-fishing, 
and the abstraction of water for industry and irrigation 
schemes. In response to pUblicI concern over the state of 
salmon fisheries, government funded "enhancement programmes" 
have been ~gurated in all the major salmon producing 
countries over the past 10-20 years. Initial measures 
attempted to enhance natural runs by the construction of 
artificial spawning areas, as well as the improvement of 
existing spawning grounds. Morf recently, emphasis has 
turned to sophisticated hatcherY techniques known broadly 
under the term of "salmon ranching". 
2.2.1 The Ocean Ranching Concept 
l 
In this enhancement technique returning salmon are trapped, 
held until ripe and artificially spawned. After fertili-
sation, the ova are hatched under controlled condition~d 
reared to smolt size at which stage they are ready, 
physiologically, to go to sea. They are released into rivers 
under the expectation that a proportion will return and be 
available for commercial or angler harvest. 
The ranching ~cess is predicated on the ass~ption that 
the upper limitation on numbers in a salmon population is 
determined by either the restricted availability of spawning 
substrate, or the lack of suitable nursery grounds for 
juveniles in the river (Thorpe, 1980). In the comparatively 
short rivers of New Zealand the latter reason is considered 
to be the primary limiting factor (Unwin, 1981). Enhancement 
experiments have been carried out by the Fisheries Research-
I 
Department 'of M.A.F. on-the Rakaia and Waimakariri rivers 
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for a number of years. Results of this research suggest 
that the concept of ocean ranching may have commercial 
potential in New Zealand (McDowall, 1981). This concept 
is illustrated below in Figure 2.2. 
Incubation 
system. 
~5. 
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FIGURE 2.2: The ocean ranching concept 
At the c~re of the p~ocess is the hatchery consisting 
of an incubation system and a rearing facility. Hatcheries 
are controlled environments in which food inputs to the 
fish stocks can be maintained at levels well above those 
normally available in the wild. High growth rates can thus 
~. 
be achieved and mortalities are reduced to manageable levels. 
production levels of outmigrant smolts are 10 to 100 times 
greater than those occurring in nature (Thorpe, 1980). 
2.2,.2 '''''''Hatchery ·Location 
Selecting a site for salmon ranching requires an assessment 
of both marine and freshwater habitats. Of prime importance, 
as the lack of success in some areas of New Zealand demon-
strates, notably Golden Bay, is the marine environment 
adjacent to the river outlet. North American experience 
suggests that if sea temperatures in the upper 15 metres 
exceed l50 C at any time during the year, salmon growth is 
likely to be impaired and the chances of survival reduced 
(McDowall, 1981). This leads McDowall (1981) to conclude, 
that in order to reduce the r~k of total failure juveniles 
should only be released in rivers that lie within the 
existing range of salmon populations in New Zealand. 
A high quality hatchery environment is necessary to raise 
juveniles. Salmon have relatively narrow tolerances of 
temperature, dissolved oxygen and pH. Water temperature 
is one of the main determinants of fish growth. Low 
temperatures depress growth, while high temperatures cause 
stress. Salmon stop feeding below 40 C and above 200 C 
(Field-Dodgson, 1981). For a hatchery, year-round temper-
atures s~oUld not exceed l50 C with a preferred temperature 
of l2.50 C (McNeill,and Bailey, 1975). D{ssolv~ oxygen 
concentrations are closely related to water temperature, 
with levels decreasing as the temperature rises. Measures 
can be incorporated into hatchery designs to maintain the 
oxygen concentration of incoming water to nearly 100% 
saturation. The pH range of hatchery wate! should be 
between 6.~.0 (Church et al., 1979). 
Springs make the best water supply sources, as the possibility 
of disease from upstream wild fish is eliminated. Spring 
fed streams and outfalls from lakes are also satisfactory 
as long as they are silt free and not prone to flooding. 
silt laden water can smother ova and damage the gills of 
young fish increasing their susceptibility to disease 
.17. 
(Me Dowtal 1 , 1981). In some cases, diversions.from rivers, 
may still prove practical sources for hatchery water supply. 
However, this is the least satisfactory solution. 
The location of the recapture site, which is usually the 
ranch itself, determines the quality of returning fish. 
Salmon cease to feed upon entering freshwater and as a 
consequence flesh quality deteriorates as they move upriver. 
Salmon recaptured in saltwater generally provide a product 
of higher market value than those recaptured in freshwater. 
A recent North American innovation in salmon ranching 
technology that is to be applied to a New Zealand development . ~ 
(see Sect10n 3.2~ uses a salt water release and recapture 
site. Potential gains from this method are an overall 
reduction in juvenile mortality by control of the freshwater 
to saltwater transition stage:, and the capture of adults 
with a higher market value. 
Despite the long history of artificial propagation of salmon 
overseas, the cabses of the success or failure of ocean 
ranching are not fully understood. Production of healthy 
fry is of pivotal importance> in any salmon aquacul~ral 
system,as success will depen~ largely upon the quality of 
the juveniles released (McNeill and Bailey, 1975). The 
Sterling Silver Cup Fish Farming Nanual (1981) identifies 
the five major components of a fish culture facility as 
(1) fishJ (2) water; (3) container or pond; (4) nutrition; 
(5) management practices. Each of these components consist, 
of several identifiable and often quantifiable factors, any 
one of which has the potential to limit the growth rate of 
fish in the system. Figure 2.3 illustrates the inter-action 
of the principal components. 
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Fry production begins with the stripping of eggs from 
ripe fremale salmon and the stripping of milt from males. 
Femal~ are killep immediately prior to stripping. Males 
can be stripped several times although in order to retain 
genetic diversity, it is recommended that the overall ~male 
to male ratio be no higher than 5:1 (McNeill and Bailey, 
1975). After the eggs and ~ilt are mixed in .one container, 
fertilization is completed by adding clean water. The eggs 
are then allowed to "harden" for two hours before being 
transferred to incubation facilities (Kennedy, 1978). 
Natural conditions of incubation in the river gravels are 
replicated by keeping the fertilised eggs in the dark and 
maintaining a constant flow of water through the buckets 
or trays that ~old them. After approximately a month, 
depending on water temperature, the eggs become eyed 
(recognisable when the two eyes of the embryo can be seen 
within the egg). Soon after, the eggs are deliberately 
subjected to a mild physical shock causing unfertilised 
and dead eggs to turn white (ibid). Dead eggs are siphoned 
off before the remainder are placed on submerged trays of 
the "WashingtoR" type, or on the bottom o:f raceways, to 
complete hatching. Simulation of the natural environment 
by providing a rugose substrate such as smalf river stones 
has been shown to reduce the incidence of ayevin deformity 
(McNeill and Thorpe, 1982») 
Hatching occurs ,two to three months after fertilization. 
Before swi~ing to the top, the alevin absorb their yolk 
sacs. Overseas hatcheries expect a mortality of 5 to 10 
percent, barring major mortality incidents, between ova 
collection and first feeding (McNeill and Bailey, 1975). 
Causes of major mortalities can usually be traced to 
management error~,for example the use of over-ripe ova or 
dirty incubation equipment. Furthermore, dirty water which 
increases the incidence of fungal and other diseases can 
also be a significant factor. 
J.9. 
Many different facilities have been used for rearing juveniles. 
They range from intensively managed natural ecosystems, such 
as lakes or stre~ms stocked with artificially propagated 
juveniles, to completely artificial systems with water re~se 
and total control of environmental factors. Due to un-
restricted supplies of high quality water, New Zealand 
" 
experience has been limited to "single pass" raceway systems. 
Raceways are typically 30 metres long, 3m wide and 1m deep, 
and are constructed of either concrete or earth lined with 
synthetic rubber sheeting. water inflow to the raceways 
is controlled and increased as the fish grow. A flow rate 
giving a 15 minute turnover time has been discovered to 
provide the maximum amount of good quality rearing space 
(Westers and Pratt 1977). 
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2.2.4 Growth in the Ha tcheory 
Feeding commences when the fry leave the incubation 
substrate and swim up to the surface. Initially, rations 
are small and feeding frequent. As the fish grow both 
the frequency of feeding and the amount consumed as a 
percentage of body weight declines. Energy for growth 
(anabolism) is supplied by protein, typically in the form 
of fish meal. Other metabolic functions (catabolism) can 
be supplied by fat and carbohydrate in addition to protein. 
The salmon's natural diet contains approximately 70 
percent protein and 30 percent fat. However artificial 
diets can contain as little as 50 percent protein (McNeill 
and Bailey, i975).. 
~ 
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Growth rate can be expressed as either the increased weight, 
or the ~ncreased length of the fish during a specified 
period of time. Major factors influencing the growth rate 
of juvenile salmon in a hatchery where water quality is not 
a constraint are : 
1) 
2) 
3) 
feed rate 
feed quality 
fish size (Stauffer, 1973).. 
Feed rate depends largely on water temperature and fish size. 
At higher temp~ratures fish consume more food than similar ......" 
sized fish at lower temperatures. Small fish consUme 
food in amounts equivalent to a higher percentage of their 
body weight than do larger fish. 
Conversion of food to live weight gain in the hatchery 
environment is a complex process. For example, by increasing 
the feed rate to a confined group of juveniles four simultan-
eous sequences are initiated which mayor may not permit the 
growth rate to increase (Downey, 1978). 
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Figure 2.4 Changes initiated in a salmon 
aquaculture system following 
\ an increase in feeding rate 
(from Downey, 1978). 
Fi~, food is assimilated and converted to biomass and 
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the growth rate is increased. Second, increased metabolic 
rate increases the ammonia-N production which in sufficient 
quantities inhibits the oxygen uptake rate. This in turn ~ 
serves to inhibit growth rate because the oxygen demand of 
the fish cannot be met. Third, increased production of CO2 , 
which in the blood reduces the ability of haemoglobin to 
become fully saturated with oxygen, reduces dietary 
efficiency and then growth rate. Fourth, production of 
faecal solids increases as a result of the increased 
metabolic rate. The solids increase the biological oxygen 
demand of the system thereby reducing oxygen availability 
for fish. Thus anyone of the latter three sequences may 
serve to inhibit growth when the. feed rate is increased. 
Most growth models of fish predict growth dw/dt (change in 
weight with time) as a function of time and temperature. 
For example, Iwama and Tutz (1981) developed: 
W x = W x + (T /1000) t t 0 
Where W
t = final weight 
W_ = initial weight 
0 
T = temperature (oC) 
t = time 
and Banks (1981) found that for quinnat salmon, weight to 
the power of 0.333 (x = 0.333) could be used to accurately 
predict growth. Such an equation, however, represents the ----maximum growth rate and largely ignores the real constraints 
of a limited rearing area. 
The efficiency at which food is converted to live body 
22. 
weight is known as the food conversion ratio. with a dry 
diet, summer conversion ratios ar~usua11y between 1.2 - 1.6 
(Kennedy, 1978).· In considering the efficiency of c·onversion 
it is ±mportant to note that feed weight is in the form of 
dry pellets while weight gained is the form of salmon 
tissue,which is about 75% water (ibid). Therefore, if 
I these estimates are adjusted to calorific value, the food 
conversion rati~ reduces to between 5 and 7 units of food 
for every unit of body weight gained. 
2.2.5-Hatchery Capacity 
Safe carrying capacity limits the number of fish 'of a 
specific .size that can be held in a raceway. Carrying ( 
capacity refers to the physiological life support qualities 
of a volume of water. If the carrying capacity is 
exceeded, the dissolved oxygen situation becomes suboptimal, 
growth rate decreases and over-all fish condition begins to 
deteriorate.. Safe carrying capacity, then, is that 
) :-
capacity above which the quality of juveniles is detrim-
entally affected. 
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Many methods have been developed to calculate safe carrying 
capacity (Haskell, 1955; Willoughby, 1968; Westers, 1970; 
piper,1972; Liao, 1971) all of which consider several 
of the following : raceway volume, water inflow, water 
changes per hour, water temperature, dissolved oxygen, 
altitude, fish length, fish weight, fish density, oxygen 
uptake, growth rate and feeding rate. Common to all methods 
is the presentation of carrying capacity as a function of 
ranch-specific parameters, such as water quality and raceway 
design and paran~ters indicative of metabolic rate. 
2.2~6 Hatchery Mortality 
Mortality is a significant factor in even well managed 
hatcheries. survival rates of 90-95% from the fry stage 
to release are achieved in the best ranches, but rates of 
70%-90% are more usual (McNeill and Bailey, 1975). Besides 
disease, major causes of death are ; stress from over-
crowding, rough handling during~nsfer and weighing 
operations, birth deformities, poor quality diet, predation 
by birds and cannabilism (Kennedy, 1978). 
Husbandry conditions and ~ctices are of primary importance 
in determining whether or not dieases gain a hold on fish in i""C-
a hatchery (Edwards, 1978). Water quality can be maintained 
by daily cleaning of raceways. Diseases can be identified 
and treated quickly if fish condition is constan~ly monitored. 
Spread of disease can be restricted by operating raceways as 
completely separate units, each with its own equipment,and 
most importantly, disease outbreaks can be kept to a minimum 
by never allowing fish to become stressed. 
The most common infectious disease in freshwater salmon 
.c-_"_"_-_-_'_"_"_" 
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hatcheries is bacterial gill disease (Boustead, 1981) which 
can be caused by at least four different species of bacteria 
(Kennedy, 1978). If detected early, this disease can be 
easily treated by exposing fish to a formalin solution or 
adding malachite green to raceways (Edwards 1978). 
2.2 • .7 survival in the Wild 
Juveniles are released into rivers some time after they have 
reached smo1t size (5g). Many factors have been identified 
as determinants of juvenile survival after release. Included 
are the elements of release time, photo-period, temperature, 
lunar periodicity and biological age (Birks et al., 1982). 
Furthermore, fish quality - quality being a measurement of 
vitality, competitiveness and behaviouria1 fitness (NcNei11, 
1975), is also considered influential. According to 
Burrows (1969), differences in the quality of hatchery fish 
are due to genetic stock, nutrition, disease and the quality 
.of the rearing environment. Returns from identical experi-
mental releases over a number of years show tremendous 
variations around central tendencies (Bilton, 1981; Unwin 
and Lucas, 1982) thus indicating that there must be other 
significant factors in the marinea~ freshwater environ-
ments. Research by Japanese scietitists has identified feed 
availability in coastal waters as one of these factors 
(McNeill and Thorpe, 1982). In New Zealand, floods are 
known to affect ~he survival of wild smo1ts and may also be 
significant for hatchery releases. 
~ 
For a specific ranch, given that the rancher attempts to 
produce quality juveniles, the most commonly used management 
release variables are time and weight. More exactly, the 
relationship between average weight and age of juveniles 
depends on the growth rate, and is ranch specific. However, 
grading of fish can create a number of weight classes of 
any age. 
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Bilton et ale (1982) used four different release times and 
a large number of weight classes to determine a release 
weight and time versus return weight expression for coho 
25. 
salmon released from Rosewall Creek Hatchery on Vancouver.Island, 
British Columbia. A similar experiment for quinnat salmon 
released from the Glenariffe Hatchery on the Rakaia River 
is planned to start this year (1983). (Unwin pers. corom.). 
Results from hatchery releases overseas (Bilton et al., 
1982~ . Novotny, 1980) suggest that juveniles released larger 
tend to come back smaller and with a significant increase in 
the proportion of two-year old males. Returns from a 
yearling release made in August of 1979 from the Glenariffe 
Hatchery indicate that overseas research may be generally 
applicable to New Zealand. When compared to the naturally 
occurring Glenariffe run, the yearling release produced 
three times as many jacks (male salmon) (Unwin and Lucas, 
1982). Three -yearolds from this release had an average 
weight of 3.9 kg compared with average weights of over 5 kg 
from hatchery releases earlier in the year (Lucas pers corom.). 
Returns from releases are usually reported in terms of the 
percentage return. From a management perspective, the 
biomass ratio, that is the ratio ¢f total returning weight 
to total release weight, is also &mportant. Both measures 
are presented in Table 2.1 for releases of the 1978 brood 
year from the Glenariffe Research station. 
TABLE 2.1: Raceway releases from Glenariffe in 1979 
, 
Average Month Percentage of Percentage Biomass 
Weight each year in Return ratio 
returns (appro~.) 
(g) 2 3 4. %. 
12 January 11 84 5 . 0.38 1.9 
14 February 8 82 10 0.34 1.S 
14 February 8 80 12 0.61 2.6 
9 March 6 90 4 0.45 3.0 
35 August 36 50 14 2.48 2.4 
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..... p. release of 9g fish made in March had a relatively low 
percentage return but a high biomass ratio. In comparison, 
the August release of juveniles four times the size, although 
having a percentage of five to six times as much, has a 
smaller biomass ratio. Explanation for these differences 
is provided by the relationship between release time and 
the average weight of adult returns discussed previously. 
However, there is no obvious explanation for the differences 
in percentage return for the two identically sized releases 
made in February. 
2.2.8 Salmon Ranch Production 
As a production system, salmon ranching in North America 
compares favourably with other systems producing high 
quality protein. 
TABLE 2.2: 
System 
Salmon ranching 
Energy efficiency ratios of North 
American animal protein producing 
systems (Mathews et al., 1976) 
Energy Efficiency 
/ 
Ratio (%) 
( 
25 
Salmon pen rearing 13 
Bottom trawlirig 16 
Grain fed beef 10 
Grass fed beef 35 
Eggs 40 
Grass fed milk 100 
Food consumption up to the marine stage, provides about 1% 
of their total lifeti~e food requirements. For the remainder of 
their lives. salmon feed mainly on small life-forms which 
are pres~ntly unexp10ited by humans. Yields from quinnat 
ranching operations in North America are currently in the 
~ 
i 
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order of2~Okg of salmon per kg of juveniles released (Thorpe, 
1980). Results achieved in New Zealand as Table 2.1 indicated 
are somewhat lower and even for the best result, the ratio of 
the protein available from those salmon that return to the 
protein input, in the form of fish meal, is less than one. 
2.2.9 Summary 
salmon ranching is an enhancement technique that increases the 
survival rate of juveniles, and hence adult returns, by rearing 
juveniles in a semi-controlled environment. The salmon ranch-
ing concept is illustrated in Figure. 2.2. 
selecting a good site for ~ salmon ranch is a pre-requisite 
for success. The main factors that require consideration are 
the marine environment, the quality of the water supply for 
the hatchery and th~location of the recapture site. 
At the centre of the ranching process is a hatchery consisting 
of an incubation system and a rearing facility. As New Zealand 
has large quantities of high quality water available, design 
of rearing systems has been restricted to "single pass" raceways. 
Production of healthy fry is cr~ial to the success of any 
salmon aquacultural system. Fly production begins with the 
stripping of eggs from freshly killed females and mixing them 
with milt collected from live males. Incubation, which takes 
2-3 months, is effected by keeping the fertilised eggs in the 
dark and maintaining a constant flow of water through them. 
The major factors influencing the growth rate of juveniles 
where water quality is not a constraint are: feed rate, feed 
quality, and fish size. In turn, feed rate depends largely 
on water temperature and fish size. Conversion of food to 
live weight gain in the hatchery environment is a complex 
process. The efficiency of conversion is known as the food 
conversion ratio and with a dry diet, summer conversion ratios 
are usually in th~ range of 1.2 - 1.6. 
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Limi.ts on carrying capacity restrict the. number of fish of 
a specific size that can be safely held in a raceway. Methods 
to estimate this constraint present carryi~g capacity as a 
function of ranch-:specific parameters such as water quality 
and raceway design. 
Husbandry practices and conditions. are the primary determi-. 
nants of mortality in the ranch.. Mortality can be kept 
to a minimum by not allowing juveniles to become stressed and 
by strictly maintaining raceway cleanliness. Either stress 
or unhygienic conditions can lead to an outbreak of bacterial 
gill disease, the most common disease in saLmon hatcheries. 
, 
Many factors have been identified as influential to juvenile 
survival after release. For a specific ranch the principal 
management variables are those that influence fish quality 
and time and size of release •. Results from releases in 
New Zealand and overseas indicate that releasing juveniles 
at a larger size produces a higher return rate consisting 
of smaller fish., with a significant increase in the proportion 
of 2-year old males. 
I 
Overall, salmon.ranching overseas compares favourably with 
other systems producing high quality protein, but New Zealand 
results indicate that salmon ranching is not yet a net .. 
protein producer. 
Many of the factors relevant to the success of a salmon 
ranching venture that were identified in this Chapter are 
included in the simulation model developed in Chapter 4. 
Another factor, that of the location of the capture point, 
is investigated in Chapter 6. 
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CHAPTER 3 
HISTORY AND MARKETS 
This chapter presents more of the background to commercial 
salmon ranching. First, an outline of the introduction, 
distribution and history of quinnat salmon in New Zealand 
29. 
is presented. Second, the history of commercial exploitation 
of salmon in New Zealand is detailed along with a summary of 
the proposed and existing salmon' aquaculture ventures. 
Third, quantities likely to be produced in New Zealand and 
the size and state of the local market are estimated. 
Finally, export market prospects are examined for each 
product category and the major markets identified.' 
, 
3.1 QUINNATSALMON IN NEW ZEALAND 
Early European settlers arriving in New Zealand found the 
lakes and rivers deficient of fish suitable £or sporting 
purposes. To remedy this situation Acclimatisation 
Societies were formed,and the importation of almost all 
freshwater and migratory sports fish from Europe and North 
America was attempted. A parliamentary resolution passed 
on the 23 September 1867 rec<Jds, "that in the opinion of 
this House, it ~s desirablejthat inquiries should be made 
by the Government with the view to ascertaining the best 
means to be adopted for introducing salmon into the colony, .. 
the most favourable situation for carrying out any 
experiments in connection with the breeding of salmon, and 
the probable cost of such experiments" (Fiain, 1981). 
Quinnat salmon, more commonly known in North America as 
chinook or king salmon, were first released into New Zealand 
rivers by the Acclimatisation Societies in 1875. At the 
time, these releases were thought to be unsuccessful. There 
is, however, some evidence indicating that returning salmon 
were observed before the turn of the century (J. Tonkins, 
pers. comm.). 
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A government sponsored effort to create a commercial quinnat 
salmon fishery began in 1901. Half a million eyed ova, 
originating from the Sacramento River in California, were 
imported to stock it new hatchery on the Hakataramea River 
a tributary of the Waitaki River. Over a number of years 
importations' of ova and releases of juveniles led to the 
success'ful e-stablishment of a number of runs in the Wai taki 
River system. Quinnat. spread naturally from the Waitaki 
River and were observed in the Rakaia River in 1909, the 
Rangitata before 1914, the Waimakariri before 1916, the 
Waiau in 19~6 and the Hurunui in 1920 (Cunningham, 1972). 
Establishment of stocks in the Clutha River is attributed to 
a single release that took place in 1917. Liberations on 
the West Coast resulted in small runs developing in the 
Paringa River, Moeraki River, Taramakau River, Okarito 
River and Whataroa River. Although liberati.ons took place 
in North Island rivers none developed natural sea-run 
populations. 
Quinnat salmon in New Zealand are at present the only self-
maintaining sea-run stock established outside their native 
range (.Flain, 1972). Similarly, the well established 
populations of self-propagating land-looked quinnat salmon 
are also unique to New Zealand (ibid). Figure 3.1 illust-
rates the distribution of quinnat s~;~on in New Zealand. 
, 
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GLENARIFFE SALMON 
TRAP" 
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' . .......... 
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1 WAIAU R, 
2 L_SUMNER 
3 HURUNUI R_ 
4 ASHLEY R, 
5 WAIMAKARIRI R_ 
6 L_COLERIDGE 
7 SelWYN R, 
8 RAKAIA R. 
9 ASH BURTON R. 
10 L.TEKAPO 
U L.MCGREGOR 
12 L.ALEXANDRINA 
13 RANGITATA .R. 
14 L.PUKAKI 
15 OPIHI R. 
16 HAKATARAMEA R 
17 WAITAKI R 
18 L.OHAU 
19 L.HAWEA 
20 L. WANAKA 
21 CLUTHA R_ 
22 LWAKATIPU 
23 UPUKERORA R. 
24 l. TE ANAU 
25 TARAMAKAU R_ 
26 WHATAROA R. 
31. 
27 OKARITO R. AND LAGOON 
28 L.MAPOURIKA 
29 MAHITAHI R. 
30 L_ PARING-A AND PARINGA R 
31 L.MOERAKI AND MOERAKI R. 
32 L ELLE~Y AND JACKSON R 
J3 L.HERON 
Figure 3.1: Distribution of quinnat salmon in 
New Zealand (Flain, 1972). 
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The largest salmon populations are in the east coast rivers 
of the South Island, from the Waiau River to the Clutha 
River. Here, in the adja~sea areas, the temperatures 
and salinity encountered are within the range of the natural 
habitat of the quinnat salmon (Cunningham, 1972). 
Hydro-electric development and irrigation schemes have 
adversely affected salmon populations in many of the major 
salmon rivers. On the Waitaki River, hydro-electric darns 
have denied quinnat access to the upper spawning waters. 
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Similariy, the construction of the Roxburgh. aam on the Clutha 
river has impeded both the upstream movement of adult salmon 
and the outward migration of juveniles. Maximum water/emand 
for irrigation schemes coincides with upstream migratio of 
spawning adults. Salmon runs in the Ashburton and Rangitata 
rivers have been reduced by the development ofa major South 
canterbury irrigation schem~. Other irrigation schemes on 
the Lower Waitaki, Opihi and Waiau rivers may have also 
adversely affected their respective salmon runs. Salmon 
populations in the Rakaia river - the largest remaining 
salmon fishery, may also be under threat if proposals to 
draw off large quantities of water for irrigation are approved. 
3.2 COMMERCIAL HARVESTING IN NEW ZEALAND 
Government financial support for efforts to acclimatise 
quinnat salmon to the New Zealand environment was motivated 
by the vision of creating a new industry,similar to that 
already existing in North America. Early laws allowed for 
commercial harvesting at sea by traWling and trolling, and 
in rivers and estuarine waters by rod and net. Provision 
was also made for the establishment of a canning industry 
(Cunningham, 1972). From 1922-1951 holders of an angling 
licence could purchase a rod selling licence from the Marine 
Department, which authorised anglers to sell any rod-caught 
. \ 
qUl.nnat. 
,j 
,Netting licences for the Waimakariri River were 
issued to commercial fishermen from 1925-1952. In the early 
1950s Acclimatisation Society members, concerned that exist-
ing runs could not sustain co~al cropping; campaigned 
for the abolition of commercial licences. As a consequence, 
the Marine Department agreed to withdraw commercial licences. 
Conditional to the agreement, was the stipulation that the 
Acclimatisation Societies capt9re and sell a miriimum of 750 
salmon per season from the Highbank power station tailrace 
on the Rakaia river. Proceeds from the sale of salmon were 
to be used to investigate, manage and develop the fishery. 
'1.·. 
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BY 1960 changes in the operation of Highbank Power Station 
resulted in only a very few fish being trapped and commercial 
harvesting was discontinued (Cunningham, 1972). 
In the early 1970s, the advent of large salmon enhancement 
programmes overseas led to pressure for similar measures to 
be instituted locally. At the same time, the New Zealand 
Salmon Anglers' Association was formed to further the interests 
of recreational anglers by promoting methods to enhance 
salmon numbers. The Acclimatisation Societies funded the 
establishment of a hatchery at Silverstream on the Waimakariri 
River System to produce smolts for enhancement purposes. 
In 1973 the Salmon Anglers' Association produced proposals 
for the formation of a Salmon Fisheries Development Commission 
to take over the management of the salmon fisheries and to 
promote commercial ocean ranching of salmon (McDowall, 1981). 
These proposals did not gain support from the statutory 
management agencies and eventually lapsed. In 1975 the 
Ministry of Agriculture and Fisheries acquired the Silver-
stream Hatchery from the North Canterbury Acclimatisation 
Society and began experiments aimed at inducing a run of 
salmon in the Waimakariri River system (ibid). Similar 
experiments were also initiated @t the Glenriffe Research 
Station on a tributary of the Rakaia River (Galloway, 1976). 
Results from these experiments, although fairly poor, 
encouraged two commercial groups to establish pilot ventures 
in the late 1970s; ICI/watti~int Venture on the Waitaki 
and Clutha rivers, and Bubbling Springs Company on the 
Takaka River. 
The period between 1978 and'1980 saw a rapid .increase in 
licence applications for salmon ranches. Owing to a shortage 
of ova supplies, the 38th meeting of the Freshwater Fisheries 
Advisory Council (1981) recommended a moratorium on the 
growth of th~ salmon ranching industry. Subsequently, 
these recommendations were incorporated in a recent amendment 
(No 2) to the Freshwater Fish Farming Regulations 19~2. 
. " ,~-", 
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The amendment restricts salmon ranching licences to one per 
catchment unless the Minister (of Fisheries) "is satisfied 
that the proper management of the salmon fishery in that 
catchment would not be adversely affected by the granting of 
an additional licence or licences". 
3.2.1 The' Commercial Salmon Industry 
Details of the companies that are currently operating salmon 
ranching experiments or salmon rearing experiments and their 
location,are outlined overleaf. 
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Figure 3.2: Proposed and existing salmon ranches 
and salmon farms. 
(1) Pupu Springs Salmon Farm, Takaka. 
(2) Tasman Salmon Farm, Hokitika River. 
(3) Hurunui Salmon Company, Hurunui River. 
(4) South Pacific Salmon Company, Rakaia River. 
(5) The Blackford Stream Salmon Ranch, Rakaia River. 
(6) 
(7) 
(8) 
(9) 
waitaki Salmon Company, waitaki River. 
ICI/Watties Joint Venture, Clutha River. 
Newhaven Salmon Ranch, O\.yaka River. 
British Petroleum, Paterson Inlet. 
(1) Pupu Springs Salmon Farm, Takaka 
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This was the first commercial farm to be established in New 
Zealand. Its~empts to create ~ salmon run in the Takaka 
River have, so far, been unsuccessful. Other developments in-
it1.ated. by the company are - pond-rearing and the 'selling of 
'pansized' salmon, raising of broodstock in freshwater, and the 
experimental use o~ sea cages for salt water rearing. Cage 
rea,ring experiments were hampered by the lack of sui table 
sheltered waters in the Golden Bay area, and were subsequently 
abandoned •. 
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l2) Tasman Salmon Farm, Hokitika River 
Jocated on the site of a disused trout-hatchery, this is the 
)nly salmon ranching venture on the West Coast. Returns' 
:rom a number of experimental releases have been very low 
lnd the majority of returning fish were caught in other West 
:::oast rivers. 
(3) Hurunui Salmon Company, Hurunui RiveJ 
rhe Hurunui River is near the northern range of existing 
3almon runs. Development of an induced run to the ranch 
located in the headwaters, has been hampered by exceedingly 
low flow conditions encountered during the spawning run over 
the past two years (Galloway, pers. corom.). Return rates 
have been very low. 
(4) South Pacific Salmon Company, Rakaia River 
Established in 1979, at the junction of Whiskey Creek and the 
outlet of the Lake Coleridge power station close to the 
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Rakaia River, this operation has to date been the most success-
ful at inducing a salmon run. Returns to the ranch in 1982 
numbered 366 fish (Kennedy, 1982). 
{51 Blackford Stream Salmon Ranch, Rakaia River 
This small salmon ranch, operated on behalf of the Ashburton 
Acc1imatisation Society, has been established with the aim of 
inducing a salmon run 
of the Rakai~River. 
from the Fi~ Farming 
on the Blackford Stream - ~ tributary 
Acclimatisation Societies are exempt 
Regulations 1972, thus this ranch 
operates without a licence and is not subject to the same 
conditions under which the other ranches operate. 
(6) W~ka/s:almon:company, Waitaki,River 
The newly created Waitaki Salmon Company is a joint, venture 
between the Newhaven Salmon Ranch and the Waitaki Valley 
Acclimatisation Society. It has two objectives: first, 
to supply the Newhaven Ranch with initial stock; and second, 
to enhance the Waitaki River salmon fishery. 
(7) I.C.I./Watties Joint Ve tUre,' :Cl:utha: River 
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Releases in both the Waitaki River and the Clutha River have 
been made by the JOint Venture. Returns from a number of 
releases of very small juveniles (5gm) have been negligible. 
Future experimental releases of larger juveniles are being 
confined to a site located near the mouth of the Clutha River. 
(8) Newhaven Salmon Ranch, Owaka River 
Proposals for this development represent successful 
innovation' in salmo~ranching in North America. By pump-
. (y.J 
ing salt water through their raceways juveniles undergo 
. smoltification before being released into the estuarine 
waters of the Owaka River. Supervision will be provided 
by personnel from the Burnt Hill Salmon Company in Oregon • 
(9) 
.. 
British Petroleum, Paterson Inlet, Stewart Island 
This recently inaugurated venture is experimenting with the 
raising of quinnat salmon in sea cages. The fish are being 
grown to between I kg - 3 kg on an artificial diet. First 
production is expected to be marketed in 1983. 
3.2.2 SalmOn Production 
Over the past two years, New Zealand consumers have been 
supplied with salmon reared in freshwater at Pupu Springs, 
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Takaka. During the ~981/82 season f 28,000 "pan-si.zed II fish 
ranging from 300g to ~kg were sold to processors, wholesalers 
and restaurants throughout New Zealand (NewmaIlJjl,pers. comm.l. 
Expansion of production is anticipated in the forthcoming 
se,son qrable 3.~1. In addition to supplies from Takaka, 
the~y be sales of ~kg - 3kg fish from sea cage rearing 
experiments on Stewart Island. Furthermore, the market 
may also be supplied bY) a small number of returning adult 
fish from the South padific Salmon Ranch and a quantity of 
sea-caught salmon, if proposals to allow their sale proceed. 
TABLE 3.1: Estimated Salmon Production in 
New Zealand 
1981/82 1982/83 
(tl (t) 
Pupu Springs 16-20 30-60 
Britis'h PetroleUm - 40..,.60 2 
South Pacific Salmon Ranch - 5-10 3 
Sea caught - 15-301 
I-:J 
~. 
1983/84 
(t) 
? 
? 
10-203 
15-301 
lEstimate (see 6.4), 2 Arthur, 1982, 3 Crowe, pers. co~. 
Production beyond 1983 depends upon a number of factors, most 
of which are examined in subsequent sections of this report. 
Of primary importance is the question of economic viability, 
which depends upon the state of the local market and the 
feasibility of exporting~ Continuance of freshwater rearing 
relies upon the relicencing of the. Takaka venture in 1984, an 
issue which is hotly contested by the Acclimatisation Societies 
(Minutes of South Island Salmon Committee,. 1981)·, Before 
commercial production from sea cages proceeds, a change in the 
Marine Farming Act 1971 to permit marine aquaculture other 
than shellfish will be necessary. Finally, the ~~.~gh.:t_of 
salmon returning to ranches from current and planned releases 
is also uncertafri: 
I 
) 
3.2.3 The New Zealand Market 
,A recent amendment (No 2) to the Freshwater Fish Farming 
Regulations 1972 provides for the sale of ranched salmon. 
contrary to the previous regulations, food premises do not 
require a licence for the sale of salmon that has been 
obtained from a fish farm or a licenced dealer. New Zealand 
salmon may now be sold in any form, including the canned 
product. 
Apart from the small quantities produced by the Takaka 
venture, salmon co~ption in New Zealand has been limited 
to the canned variety. In 1981, 1,140 tonnes were imported 
at a landed co~t of $4.80/kg. Quinnat salmon is not the 
best species for canning, and with the low price of the 
imported product, it is unlikely that New Zealand producers 
will enter the canning market. 
New Zealand prohibits the importation of fresh, frozen and 
smoked salmon on the grounds of protection against exotic 
fish diseases. In contrast, Australia faced with the same 
problem, permits the importation of only ~he smoked product. 
with the advent of salmon exports, it is possible that this 
non-tariff trade barrier may be challenged by producers in 
North America. 
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Smoked and fresh salmon are new products to the New Zealand 
consumer. In~ially they are likely to compete with canned 
salmon but in ~e~onger term, if overseas experience is any 
indication, they will develop completely separate markets. 
Likewise, the distinction between freshwater-reared and ocean-
reared salmon may not, at first, be appreciated by the public. 
Overseas, a considerable premium is paid for the wild fishl 
harvested in the ocean. 
, i 
Another important dimension of the market is the seasonal , 
nature of supplies. Fresh ranched salmon will only be avail-
able in 'the autumn with the excess to market requirements 
being frozen for export or subsequent sale. Stocks of frozen 
'I 
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salmon, from which smoked salmon is typically processed, have 
a shelf-life of at least three or four months. In contrast, 
salmon reared in sea cages or freshwater, and to a lesser 
extent commercially caught salmon, can be harvested all year 
round. Thus', while it is acknowledged that the three growing 
methods are competing for a similar market they are also, to 
a degree, complimentary. 
The leading producer of freshwater reared salmon estimates 
that even with extensive marketing, demand on the local market 
at current prices (approximately $14/kg retail and $lO/kg at 
the farm gate) is limited to 60-100 tonnes (Newmann, pers.comm.). 
Lowering of prices and the adoption of a unified producer 
approach to establishing ~esh salmon as a luxury, yet afford-
able product, may have considerable potential to increase 
market size. Though even in the unlikely event that per 
capita consumption should reach the maximum recorded in North 
American, (0.23kg per person per annum (McEachern, 1979), 
where salmon is a traditional food of a number of ethnic 
groups, demand for fresh salmon in New Zealand would only 
amount to 800 tonnes. 
A more realistic approach is to use the North American 
consumption ratio of canned salmon to other salmon products, 
which is approximately 3:1 (ibid). This method predicts a 
maximum sized domestic market for fresh salmon of about 400 
tonnes. Potential production from a ten million ova ranch .. 
is in the vicinity of 200-300 tonnes. As harvest will 
take pla~(pver a short period, the local market is unlikely 
to be able to absorb total production and any reasonably 
sized salmon ranching development will rely on the existence 
of suitable export markets. 
Alternative market options for the supply of ova or smolts 
may exist in the short term, within the developing salmon 
a'guaculture industry. Smol ts may be sold to sea-based 
opeyations. Juveniles and ova may also be sold to developing 
ranching operations or facilities rearing pan-sized fish in 
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freshwater,. The existence of these alternative markets, 
however, relies upon a change in salmon management policy 
(see 6.3). 
3.3 WORLD SALMON PRODUCTION 
Although natural stocks ~ll support the majority of world 
salmon supplies, the significance of the oceanic ranching 
contribution has increased throughout the 1970s. Between 
1974 and 1980 hatchery releases increased by more than 40% 
(McNeill and Thorpe, 1981), to the levels detailed in the 
table below. 
TABLE 3.2: World hatchery producti~ of 
Pacific salmon (Allee, 1981). 
country Number of Juveniles 
(million) 
U.S.S.R. 1 143 
Japan 1 101 
United States 494 
Canada 
, 
267 
Other 9 
New Zealand 1-2 
., 
Percent 
38 
37 
16 
9 
-
-
Already, as Figure 3.3 illustrates, enhancement programmes 
4l. 
have reversed the previous downward trend in the world salmon 
catch. 
. I 
FIGURE 3.3: 
Salmon 
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( 'OOOtonnes) 
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1970 
World Salmon Catch 
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Quinnat Salmon 
catch 
197'- 1978 
Derived from: Yearbook of Fishery Statistics, Food and 
Agricultural Organisation (F.A.O.t 1981 
Nevertheless, current demand is still causing salmon prices 
to increase and although projections estimate that world 
catch will grow by 2% per year from now until 1990, it is 
not expected to fully meet the increases in demand 
(McEachern, 19191. The long term prospects are less 
certain. Concern has been expressed over the ability of 
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the salmon market to absorb the large increases in production 
eventuating from ~urrent and planned investment in all forms 
of salmon aquaculture (Watkins, 1982). 
Salmon is generally purchased as a high quality, speciality 
product, distinct from other species of fish. This allows 
it to obtain a premium price in the market place. Two 
factors· limit demand~ one being the price of the product, 
the other being the price of salmon in relation to substitute 
products. In western markets these substitutes are generally 
beef and poultry products and more specifically trout and 
other fish (Menard, 1981). The trend in western countries 
has been towards the consumption of more fish at the expense 
( ) 
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of beef consumption. If this trend continues and the large 
North American producers co-ordinate to develop the market, 
then there is a very good chance that demand for salmon will 
substantially increase (Menard, 1981). 
catches of quinnat - the most valuable of the Pacific salmon 
species, have remained stable (Figure 3.31. Furthermore, 
as Table 3.3 demonstrates, the contribution of quinnat to 
world ranch releases has been minor. 
TABLE 3.3: Principal Salrnon:i:d Species used for 
Oceanic Ranching • 
43. 
conunon Name . Scientific Name 
\ 
Percentage of total 
number' of juvenlles 
relea'sed 
Chum sal:mon . 
Pink salmon 
Quinnat salmon 
Sockeye salmon 
Coho salmon 
Atlantic salmon 
~~~orh~~ch~s keta 
o. !l.or~usch~a 
o. tS~f!wytsaha 
o. nerka 
o. kisatch 
Salmo salar 
55 
30 . 
6 
4 
3 
1 
(Source: McNeill and Thorpe, 1981) 
whi.le chum and pink salmon migrate to sea as fry, quinnat . 
feed in freshwater - leading to much higher production costs 
per juvenile released. For this reason, together with the 
reluctance of investors to fund a species with at least a 
four year life-cycle, large increases in quinnat production 
are not anticipated. 
3.4 EXPORTING SALMON 
A worldwide market evaluation trial was undertaken by the 
ICI/Nattie .Sa1mon Development Project in 1976. Fish caught 
in two major 
grades: 
rivers and in the sea were divided into four 
l ..... 
1st+ grade - steel grey blue dorsally, white ventrally (sea caught 
1st grade - light green dorsally, white ventrally; 
2nd grade 
3rd·grade 
dark green dorsally, ,white, grey ventrally i 
dark ventrally, often reddish- allover. 
A report of the trial concludes, "New Zealand lst+" ,1st and 
2nd grade chinook lquinnat), were identical to North Pacific 
chinook and would find a similar .market an an acceptable 
price. More sophisticated markets such. as Japan and West 
Germany considered 3rd grade fish were not marketable" 
(Beckett, 19811.. 
'44. 
Fish quality is particularly important in traditional markets. 
To the buyer, quality is .measured by visual appearance and 
oil content. In comparison to quinnat caught overseas, ·New 
Zealand fish of the same size have aslig~y lower oil 
content. Visual attracti:veness and oil content are also 
determined by the method and location of capture. Of the 
fish caught at sea, those from trolling operations command 
the highest price while net caught fish fetch slightly less. 
Estuary caught fish are in the next quality category and 
those caught in freshwater usually receive the lowest price. 
Salmon is a traditional product in the major salmon importing 
countries. Market structure, therefore, is also traditional. 
Although fresh and frozen salmon is sold without brand names 
this does not mea~ that it is not purchased according to 
precise specifications. For New Zealand companies to 
observe overseas sales of quinnat and conjecture that their 
small amounts of anticipated production can easily slip into 
the market may be misleading. To the contrary, establishing 
a position for an identifiable New Zealand product on inter-
national markets may take many years. Alternativ~ly, a 
joint venture salmon ranch with Japanese or American interests 
would, in addition to providing technological assistance, 
give the New Zealand product much easier access to international 
markets. 
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As new entrants to the international salmon trade, New 
Zealand producers ~ust expect to receive lower prices for 
salmon of' comparative quality than those paid to traditional 
sources. 
3.4.1 Produc·t Forms 
Salmon are sold in a number of product forms ranging from 
fresh salmon to smoked salmon roe. 
presented below. 
The major ones are 
3.4.~.~ Fresh Salmon - Quinnat is considered to be 
the premium ~almon species in its f~esh or frozen form~ 
production from New Zealand salmon ranches will occur in 
the winter and spring of the Northern~isphere. Salmon 
airfreighted directly to export markets <-Table 3.4) will 
therefore command a price advantage as an off-season fresh 
product. However, air transport costs, or the lack of 
airfreight capacity (O'Donnell pers. corom.) may favour. 
shippin9, and marketing in frozen form. 
3.4.1.2 Frozen Salmon - Quinnat salmon from commercial 
ranches and fishing boats are predominantly marketed in 
frozen form. The arrival of frozen New Zealand salmon on 
major wor~d markets will coincide with the start of harve~ting in 
1 
the Northern ~emis?here. As frozen salmon have a shelf life 
of three to four months, shipping time would not necessarily 
adversely ~ffect product quality. 
3.4.1.3 Canned Salmon - Quinnat salmon does not can 
successfully because in contrast to other salmon species 
the bones of quinnat do not soften as much during the canning 
process. This, together with low world prices, give 
the canned product little or not export potential. 
3.4.1.4 Cured Salmon - Traditionally, smoking and curing 
have been used as a way of preserving. But now smoked salmon 
and, for the~apanese, salted salmon are highly sought-after 
~I 
delicacies ~' 
. ----.-'-.~": . 
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Although both these relatively unsophisticated curing processes, 
with low capital costs ctnd a high labour component, are well 
suited to_New Zealand conditions the structure of overseas 
markets makes such processing unlikely. Typically, smoked 
salmon and salted salmon are processed from frozen stocks 
as the demand arises (Erskins, 1982). The processors deal 
in frozen salmon as a commodity, buying at low prices at the 
height of the season and releasing the product throughout 
the year. 
3.4.~.5 Salmon Roe - Salmon roe is the most expensive 
of the salmon products. Before being sold to consumers the 
roe is processed into a number of highly specialised products. 
Like any expensive luxury product, attention to the detail 
of presentation is all important. As New Zealanders have 
neither the knowledge nor the skills necessary to process 
roe to the high standards-required there is little opportunity 
for undertaking pro~sing prior to export. 
3.4.2 Market Identification 
Table 3.4 identifies the export market regions for fresh and 
frozen salmon. New Zealand is well positioned to supply 
markets in the Pacific rim countries. 
TABLE 3.4: World Salmon Exports 
Tonnes Exporting Country (1980) 
America Canada Japan Norway Total 
Market Region 
Africa 158 7 - - 165 
.Asia (Japan 4l,000) 31467 10742 3 - 42212 
Europe 14981 14590 1124 3 30698 
Middle East 8 45 3 - 56 
North/Central America 8750 4013 59 - 12822 
pacific 7 12 - - 19 
South America 20 3 - - 23 
- ) ---
TOTAL ,: 55391 29412 1189 3 85995 
. 
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3.4.2.l 'Japan - Sa.J:mon'species are popular and expensive 
in Japan. principal products are: fresh salmon for grilling 
or frying, traditional smoked or, salted salmon, and salmon :r.oe. 
Consumer preference is for a high quality and well presented 
product. 
Chilled salmon imports flow directly from importers to the 
primary wholesalers in the central wholesale markets. The 
major fish companies have a dominating influence in frozen 
salmon distribution, selling to a complex arrangement of 
brokers and secondary wholesalers. Total volumes traded at 
" 
the primary wholesale level amount to several times the 
annual supply (Ashenden, 1.98.11. 
..... '.: .• <-.•.• 
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Following the imposition of the 200 mile exclusive economic t.,: 
zones in the countries bordering the Pacific, Japanese 
~ catches have dropped. Between 1978 and .1981 imports of 
salmon have increased tenfold from 5,000 to 50,000 tonnes. 
Prospects for exports of high quality fresh and frozen 
quinnatsalmon are judged by Ashenden (1981) to be very good, 
especially in Japan's late winter and early spring from 
February to April. Current landed prices of frozen North 
American quinnat are in the vicinity of $8 - $10 per kilo 
gutted with the head on (Erskins, 1982; United States 
Department of Commerce, 1981) although a 5 percent entry 
~ , 
tax and agents commission will reduce returns (Ashenden 1981),. 
Prices paid for unprocessed quinnat roe obtained by Japanese 
buyers on the North American market are $18 - $24 per kilo 
(anon.). 
3.4.2.2 North America - Al though both Canada and . thE! Oni tee:! 
states are major exporters of salmon they also import sub-
stantial quantities (Tabl~ 3.41. Within both countries 
market demand, over the 1970s·, has shifted significantly 
from tinned salmon to the frozen and fresh product. Further-
more, an increasing percentage pf fish is sold through 
restauran"t;,~ and fast food outlets (Johnston, 1979). 
Buyer-seller relationships are well established in the North 
American salmon market. It may be difficult for aNew 
Zealand firm, without past involvement in fish exporting, 
to break into this structure. A marketing arrangement with 
a North American salmon ranch_may facilitate entry. Prices 
for frozen salmon (head on and gutted). landed on the West 
coast of North America are NZ $5 - $8 per kilo with a 
higher $~O - $~2 per kilo for the pe~iod from February to 
April. (United States Department of Commerce, 1982). It 
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is anticipated that only a portion of the New Zeal'and harvest 
would arrive in time to receive the higher prices. 
Smoked salmon imports to the United States are subject to a 
25%-ad' 'valo'rem' duty and thus it is unlikely they would be 
processed in New_Zealand. Further processing of frozen 
salmon into retail packs may have long term potential. 
3.4.2.3-EU'ropean Markets - Salmon in European markets 
come from thrersources. Wild Atlantic salmon fetch the 
highest prices, farmed salmon from sea cage rearing ventures 
in Scotland and Norway occupy the second rung~ while directly 
below them are imported frozen Pacific species (Ley, 1982). 
Norwegian salmon, farming is expanding rapidly and annual 
production is anticipated to reach 25,000 tonnes in the near 
future (ibidl. 
Current prices for Pacific quinnat salmon on European markets 
are $8 - ~12 per kilo (Erskins, 19821 United States Depart-
ment of Commerce, 1982a). With the increases in production 
of farmed fish, prices are not expected to rise. Demand 
is influenced by the traditional tastes and habits 6f social 
groups, and market Gommentators see little opportunity for 
any increase (Watkin, 1982). In addition,the burden of high 
freight costs reduces further the potential for New Zealand 
to compete 'successfully in the European market. 
3.4.2.4 Other Marke'ts - The -relatively small volumes 
produced during the development of commercial salmon 
harvesting operations could be sold direct to large hotel 
chains in South East Asia, South Africa or South America .-' 
In an attempt to avoid the introduction of exotic fish 
diseases Australia, like New Zealand, prohibits the 
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importation of fresh or frozen salmon. Smoked salmon from 
New Zealand would compete with smoked farm trout for a 
relatively small and unsophisticated market. Australian 
trout production currently oversupplies the market and 
prices are low (Morrison pers. comm.).. Nevertheless, 
there may be a possibility of developing a small, high 
quality market for large smoked salmon, in the hotel and 
restaurant trade. 
3.4.2.5 Summary - Supply of salmon to the local market 
from freshwater rearing, seacage rearing and ocean ranching'>' 
is likely to increase significantly in the next few years. 
Quinnat salmon is not a preferred species for canning and 
with the low price of the imported product the development 
of a canning industry is unlikely. Year round supplies of 
fresh. and frozen salmon will be produced by the three growing 
methods, but as fresh ranched salmon will only be available 
for a short season and frozen ranched salmon for half the' 
year, salmon ranching will be at a disadvantage in competing 
for the limited local market. Using North American 
consumption patterns the maximum annual size of the New 
Zealand market 'for fresh and frozen salmon is estimated to 
be 400 tonnes. Even if this level is attained, which in the 
short term is unlikely, a lO million ova ranch will still 
need to export much of its production • 
.on overseas markets, salmon is generally purchased as a high 
quality specialty product distinct from other fish species. 
Worldwide, although salmon production is increasing, 
prospects for an equal or larger increase in demand during 
the medium term are good. Catches of quinnat, the most 
valuable of the Pacific salmon species, have remained stable 
(-) 
and due to higher production costs per juvenile released 
than other species, are likely to remain stable. 
New Zealand quinnat are, on average, smaller and have a 
lower percentage of oil content than native quinnat. 
Marketing trials by the IeI/Watties Joint Venture have 
found that lst+, lst and 2nd grade quinnat would find an 
acceptable market overseas. However, establishing New 
Zealand salmon in markets used to known and traditional 
products may take many years. Market access may be improved 
by undertaking joint ventures, with overseas partners 
supplying technological and marketing expertise.· Even then, 
New Zealand producers can expect to receive less per kg 
than the equivalent home-country product • 
. The major export markets are for fresh and frozen salmon 
to North America and Japan, and for salmon roe to the latter. 
Prices received on these markets vary extensively due to 
quali ty and season~.. New Zealand producers may be able to 
realise the high off-season (February to April) prices, 
provided there is the available air freight capacity, or 
alternatively that shipping times are kept to a minimum. 
Prospects for further processing of salmon or salmon roe 
in New Zealand~are limited. Market structure, higher 
tariffs for processed products and New Zealand's relative 
inexperience 
conclu.sion. 
may have is 
in processing fish are all reasons for this 
Overall, any comparative advantage New Zealand 
best realised by supplying the off-season market 
with good quality fresh or frozen salmon. 
50. 
Market prospects and prices are only one half of the commercial 
equation, the other; that of production costs is examined 
in detail in the next chapter. 
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CHAPTER 4 
A SIMULATION MODEL OF A SALMON RANCH 
In th~s chapter a model, developed from the work of Lence, 
Knowles and Sharp (1982), is used to evaluate the national 
economic benefit from the construction and operation of a 
salmon ranch. in New Zealand. To this end, subject to the 
biological, cost, and. operational constraints imposed, the 
model calculates the net present value (NPV) over the 
economic life (25 years) of the salmon ranch at a range of 
discount rates. 
Assessment of the economic benefits from salmon ranching 
5.1. 
must take into account the benefits derived by recreational 
anglers. Ranching·enhances the common property resource, 
and thereby increases the opportunity for anglers to catch 
salmon. It is difficult to value the increased opportunity, 
as fish for food, and fish for recreation, are two entirely 
different economic goods. However, if we view the angler 
as a competitive user of the fish released by the ranch, 
the sports catch represents a net reduction of the potential 
commercial production and at a minimum must be valued at 
the commercial opportunity cost. This perspective is used 
in the model to evaluate the minimum contribution of ranch 
releases to the net value of the recreational fishery • ., 
In order to assess the potential of salmon ranching, the 
model is operated under the most favourable policy conditions.:·,·, ,"'" 
They are that: 
(1) Ranch location is as close as practically possible 
to the mouth of a river on the East Coast of the 
South Island, within the range of existing quinnat 
salmon populations ~. 
(2), Ova can be supplied to the ranch during the initial 
three years of operation~ 
\ 
(3) Anglers have access to"returning fish at the river 
mouth. 
52. 
The model attempts to characterise the major biol~gica1 and 
economic factors which influence the economic potential of 
a salmon ranching operation. 
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FIGURE 4.1: Salmon ranch model 
Factors investigated in the biological component Of the model 
include: growth in the hatchery, which is simulate~ for an 
average temperature regime; carrying capacity of the hatchery; 
estimates of expected biomass returned per fish released at 
a given average release weight and time; and the build-up of 
hatchery stock. 
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53. 
simulated. growth of fry is used to 'determine the weigh.t of 
fish released at alternative release times. This information, 
together with the cost of feeding juvenile salmon, is then 
used to'determine the costs of releasing salmon at various 
stages throughout the year. Other factors included in the 
economic component of the model are: operating costs such 
as labour and maintenance; capital expansion costsi the 
capital expansion period; and the market value of the saleable 
fish. Data used in the model was derived from a case study 
ranch located on the Rakaia River. 
After a baseline simulation has been established the sensitivity 
of the model to biological and economic variables is explored. 
4.1 BIOLOGICAL COMPONENT 
The biological component of the model determines the amount of 
saleable salmon produced and the amount of food they are fed 
each year. 
Total saleable weight of salmon produced each year is calculated 
in a manner similar to that used by Orth (.1977). Total saleable 
weight (kgs) 
Where: 
and 
Et 
= "egg stock (number of eggs) produced or supplied in 
year·t, 
Gx = percentage of the total returning biomass 
consisting of fish that are x years old, 
Pt = total biomass returned (kgs) per fish released in 
year t, 
BSt = the total weight of fish required to produce one 
egg in year t, 
PS t = percent of surplus weight which is of saleable 
quality in year ti assumed to be 85% to account 
for waste during processing (Crowe pers. cornrn.). 
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Total biomass returned is a function of the release weight, 
m
t 
and release time r
t
, in year t, and is defined as: 
P = efw M t t 
Where: M
t 
= biomass returned per fish released at a given 
weight, m
t
, and time r
t 
in year t (kgs / fish) , 
f = weekly survival rate~ 
W = number of weeks required to grow the fry to r
t 
given a specified feeding and temperature regime 
and an assumed food conversion ratio, 
54. 
and e = egg to fry survival rate of the transfer survival 
rate of the fry. 
Weekly survival rates at the case study ranch vary from .89 
to greater than .99 with the lower values occurring in early 
growth periods. lfthe model were to allow for these 
different survival rates, then: 
WI W2 
W 
P
t = e(fl f2 ••. f 
n)M 
n t 
Where: f = weekly survival rate in period n. n 
W = number ,of weeks in period n. n 
and WI + W2 + .•• W = W n 
For the preliminary stages of this study, two growth periods 
were ,chosen: one for the first eight weeks of growth in the 
r~cew:ays,and one f'or the remaining time of growth. 
Total weight of fish required to produce one egg in year t, 
BS
t 
is: 
Where: ..... average weight of male (kg) Mt used in fertilisation, 
average weight of female (kg) 
n t = 
the number of eggs produced per female, weighing the 
average weight (eggs/kg) in year t. 
and 
I I r 
'i 
If the average weights of males and females are taken as 
being equal, then Mt simplifies to the ratio of males to 
females used in fertilisation. This ratio was set at 2:3 
for the initial analysis. Egg production by the average 
female fish on the Rakaia River has been measured by Smith 
(1977) to be 4,200. In the analysis this figure was 
reduced by 15% to compensate for the small proportion of 
unripe eggs remaining in the female after stripping. 
4.1.1 Biomass Return Per Fish Released 
55. 
Biomass return per fish released, Mt' at a given release 
weight and release time is a function which may be fairly 
specific for local geographic, climatic and ecological 
conditions, oceanographic events and the quality of released 
juveniles (Biltonet al., 1982). Figure 4.2 illustrates 
the incorporation of the biomass return relationship in to 
the salmon ranch model. 
l release 
Biomass Return per saleable 
'\.. 
Fish Released salmon , 
.. J, 
brookstock 
FIGURE 4.2: Biomass return component 
Previous economic analysis of ocean ranching (Costello, 1981, 
1981a, unpublished: Orth, 1977) have used a relationship 
based on a fixed percentage return from the release of all 
juveniles at a specific weight. This approach ignores two 
major factors of ranch operation. First, for a given raceway 
'- .. - -
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capacity many more small juveniles can be raised than large 
juveniles. By starting with a large number of ova and making 
an initial release of juveniles at the smallest size producing 
an expected economic return, the rancher can considerably 
increase the total number of juveniles released, and conse-
quently improve net economic returns. "In point of fact, 
ranch management will nearly always release juveniles at a 
variety of sizes and times in order to reduce the risks 
associated with a single release. 
Release weight and time, as Section 2.2 outlined, is related to 
return weight. Juveniles released heavier and later return, 
on average, lighter and earlier. Revenue from the sale of 
salmon surplus to brook stock requirements is obviously depend-
ent on the total weight of salmon returning. It is therefore 
not proportional to the percentage return, but is a function 
of release weight and time." Thus, to derive an expected 
economic return for a specific release-weight and time 
entails an explicit assumption of the biomass returning 
relationship. 
In this study the available data on quinnat returns to the 
Rakaia river (Flain, 1982~ Lucas, 1982~ Lucas, pers. corom) 
together with a knowledge of overseas research (Bilton etal., 
1982, Novotny, 1980), were used to estimate two return biomass 
versus release weight curves. Data scarcity precluded using 
statistical teChnIques to estimate the curves,and those 
chosen represent a subjective assessment by the author. They 
are illustrated in Figure 4.3 and have the following equations~ 
2 
Yl = 0.28 x + 3.19 x - 7.60 
Y2 = 0.24 x
2 + 2.11 x - 3.40 
These two curves are 'informed guesses' and may require 
extensiv~ modification in the light of future research. 
points marked on Figure 4.3 identify the position of the 
results from experimental releases made at the Glenariffe 
Hatchery in 1979 (refer Table 2.1). 
The 
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FIGURE 4.3: Return scenario curves 
The "probable" scenario gi~en by Y1 is well below results 
being achieved in some areas of North America but consistent 
with New Zealand experience. The second curve, Y2 is a 
very conservative ~stimate. Its inclusion is justified by 
ignoring the singular result for releases above 20g (see 
Table 2.1). 
Table 4.1 illustrates in more detail the dimensions of the 
two curves giving a biomass ratio - that is the ratio of 
total weight returned to the total weight released for 
each release weight, and a percentage return for an average 
return weight of 6kg • 
., 
TABLE 4.1: Dimensions of the release weight curves 
Y
l 
"PROBABLE" Y2 "CONSERVATIVE" 
Release Biomass % Return Biomass % Return 
weight (g) Ratio @ 6kg Ratio @ 6kg 
10 2.1 0.35 1.5 0.25 
20 2.3 0.75 1.5 0.5 
30 2.1 1.05 1.3 0.7 
40 1.9 1.25 1.2 0.75 
50 1.7 1.4 0.9 0.75 
60 .1.4 1.4 0.7 0.7 
70 1.1 1.3 0.5 0.5 
,.,' 
: .. 
I' 
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Homing behaviour of salmon is determined by both genetic 
and environmental factors. Initial ranch stock origin-
ating from other parts of the catchment, or a different 
river entirely, will probably produce lower returns to the 
ranch than second generation fish stock originating from 
the ranch. To allow for a run buildup period, the model 
incorporates an establishment factor of 0.5. This means 
that releases produced from ova supplied from outside the 
ranch;realise only half the returns of second generation 
releases. 
4.1.2 Growth of Juveniles 
58. 
In order to calculate the feed cost associated with releasing 
juveniles at different sizes the relationship between daily 
ration, fish size and temperature must be quantified. 
Feeding charts provide' the salmon farmer with a recommended.·, 
feeding level for a wide range of water temperatures and 
fish sizes. Unfortunately the recommended feeding levels 
are not necessarily close to the maximum. However, 
inadequacies aside, they are the information used by the 
salmon farmer to determine feeding levels. 
ova from 
) 
broodstock 
Growth in Hatchery 
(Capaci ty constraint) 
1 
release 
FIGURE 4.4: Hatchery growth 
feed 
( 
temperature regime 
Figure 4.4 illustrates the incorporation of juvenile growth 
in the salmon ranch model. In the model, growth of 
juveniles is simulated by the use of the ranch feeding 
chart shown in Table 4.2. This gives the feeding rate for 
an average fish weight and a specific water temperature. 
Growth rate is obtained by dividing the feeding rate by the 
assumed feed conversion ratio. 
---~-----
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TABr.iE_ 4-.. 2: '.Typical feeding -chart 
rAverage 5500(0.287-- 2200 - 660 - 330 - 298 - 88 - 22 -
Temp. 2200(0.454 } 660 330 298 88 22 under _, 
°c (20 51) (3.03) (5.04) (220 35) (45.4) 
Kg of feed per 100 kgs of fish 
(% of. body weight). 
6 3.0 2.5 2.3 2.0 
7 3.4 2.9 2.6 2.3 208 201 0.8 
8 3.9. 3.2 2.9 ;·Q.5 209. 202 0.9 
9 4.2 3.6 3.2 2.8 2.2 loti 200 
10 4.5 3.9 3.5 3.1 2.4 205 201 
11 4.9 4.3 3.8 3.4 2.5 lor 202 
12 5.2 4.6 4.J. 3.7 2.8 loB 203 
13 5.6 4.8 4.4 3.9 2.9 1.9 204 
14 6.0 5.3 4.8 4.3 3.2 2.1- 1.5 
15 6.3 6.0 5.3 :A.'6 3.9 2.1 2.0 
16 6.7. 6.3· 5.5 5.0 4.3 3.4 2'~2 
Source: -Crowe (pers. comm.) 
Growth rate determines the average fish weight at any time 
in the future. After one week of growth, the average fish 
weight has increased and also the water temperature may have 
changed, thus necessitating a. new feeding rate. The new 
growth rate is in turn calculated"and the simulation proceeds 
until a specified release weight has been reached. The 
food conversidn ratio for the case study ranch was determined 
empirically. Figure 4.5 compares the results of the growth 
simulation using the assumed conversion ratio of 1.3 with 
growth data from the case study ranch. 
I 
30 simulated / 
weight 
(g) 
20 
10 
80 
I 
I 
t 
FIGURE 4.5.: Growth simulation 
/ 
I 
/ 
I 
I 
I 
/ - actual 
/ 
/ 
/ 
160 240 
Time (days) 
The temperature regime used in the analysis is based on 
that recorded at the case study ranch. Variation is from 
a high of 130 for December, January and February to 90 
in July and August. 
Growth of juveniles in the raceways in constrained by safe 
carrying capacity. Haskell (1955) developed a simple rule 
fo~ estimating carryin~ capacity. It states that when the 
carrying capacity of a raceway is known for any size of 
fish at a given water temperature, then the safe carrying 
capacity for other sizes and temperatures is that weight 
of fish which requires the same weight of feed. This approach 
is based on the assumption that: 
60. 
carrying capacity is limited by oxygen consumption 
and accumulated metabolic products and, 
the amount of oxygen consumed and quantity of 
metabolic products are proportional to the amount 
of food fed. 
These assumptions have been substantiated by Willoughby 
(1968) and Piper (1970). 
The carrying capacit¥ as described by Haskell is included 
6l. 
in the model as a constraint on the amount of food fed per day 
per_yolume of raceway (kg/day/m
3
). This acts as a limit 
on the number of fish that can be grown to a specified size. 
As fish become larger their oxygen requirement per gram 
of body weight declines, or expressed in terms of food 
requirements·- their" consumption per gram of body weight 
declines. Thus as the size of juveniles increases the 
stocking density (kg/m3 ) also increases. This relationship 
is illustrated for a constant temperature in Figure 4.6. 
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FIGURE 4.6: Stocking density and fish 
size at constant temperature. 
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After the initial release size has been chosen, the model 
limits the number of ova required for incubation. 
Such that if: Ct = maximum number of fish that can be 
grown to a specified size, 
then 
Once a specified release size has been reached the model 
simulates the release of a proportion of the juveniles in 
captivity. Management considerations restrict the minimum 
release to 20%. Later releases of remaining juveniles may 
be simulated at larger specified sizes or when the safe 
carrying capacity limits further growth. 
4.1.3 Build Up of ~Hatchery stock 
To take advantage of economies of scale, the model simulates 
construction of additional raceways. Inareased rearing 
space, in turn, increases the safe carrying capacity for 
every subsequent year. This is illustrated in Figure 4.7. 
1 Broodstock 
Build up of initial capital 
capacity~ H t h stock ~ a c ery < 
expansion capital ., 
T initial ova 
FIGURE 4.7: Hatchery expansion 
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For the analysis, ova supply in the first year of operation 
is assumed to be 250,000. In the second and third years 
capacity is doubled to 500,000. Expansion to the full 
capacity of 10 million ova takes place over 7 years with 
all ova after the initial three years of operation being 
supplied by fish returning to the ranch. 
4.2 ECONOMIC COMPONENT 
The internal rate of return and the net present value of 
the ranch over 25 years of operation is calculated using 
revenue from the total weight of salmon flesh and salmon 
roe available for sale each year, and the total costs 
incurred during that year. The net benefits (NB
t
) in 
any year t, are: 
Where: 
where: 
St = saleable weight (kgs) of salmon in year t, 
V' = price of salmon in $/kg in year t,~ 
t 
K
t 
= capital costs in year t, 
OM
t 
= operating costs in year t, 
FC~ = food costs in year t. 
P
rt 
= proportion of roe in total processed weight 
in year t. 
R
t = price of roe in $/kg in year t, 
63. 
Pft = proportion of flesh in total processed weight 
in year t, 
F
t = price of salmon. flesh in $/kg in year t. 
4.2.1 Costs 
Capital and operating costs were obtained from a salmon 
ranch operating on the Rakaia river and are presented in 
Table 4.3. Details of the items included can be found in 
Appendix 2. Initial investment includes earthworks, 
construction of five raceways, site buildings, construction 
of a fish trap and production equipment. Capacity 
expansion was simulated using capital costs per cubic 
metre of raceway. For this analysis the maximum ranch 
capacity has been set at 10 million ova. 
Operating costs were separated into non-labour, labour and 
processing costs. Non labour operating costs were assumed 
to be a function of ova capacity. Two labour units were 
allowed for during the establishment phase, with an 
additional labour unit for every 2 million ova increment. 
Processing costs all"ow for -off-farm processing, including 
all transport and handling expenses between the ranch and 
markets, and are in $/kg. 
TABLE 4.3: Capital and operating costs 
of salmon ranching. 
t ' 1 Opera lng costs : 
Ranch 2 ., 
Feed C$/tonne} 
Processing cost C$/kg) 
Capital costs: 
Initial 
Expansion ($/m3) 
$ 
63,000 - 153,000 
1,000 
2.5 
135,000 
105 
lAll costs are expressed in 1981 {December) dollars 
2Lower bound represents an 0.5 million capacity, the 
upper bound represents the maximum ranch capacity of 
10 million ova. 
64. 
The· costs of feeding are determined endogenously from the 
growth simulation described 
in year t are given by: 
Wt -
FCt = Zt E i=l 
PF. WT. 
1 1 
earlier. That is, food costs 
i (ef E
t 
) 7 
Where: Zt = price of food in year t, 
Wt = number of weeks required to grow fry to the 
specified release weight in year t, given a 
specified feeding and temperature regime and 
an assumed conversion ratio, 
65. 
PF. = percent of feed per day, taken from the typical 
1 
feeding chart (¥igure 4~2)for the (i)th week of 
growth in the raceway, 
WT. = average weight of ·the juveniles in .the raceway 
1 
in week i, 
e = egg to fry survival or transfer survival rate, 
f = weekly fry survival rate, 
Et = amount of eggs produced in year t. 
No attempt was made to estimate those costs external to the 
ranch's operation. Included in this category are a prop-
ortion of the costs of salmon management and research. 
Another area that may be significant, but is impossible to 
assess, is the effect of salmon enhancement on other fresh-
water and marin~ species. 
4.2.2 Benefits 
Revenue is derived from the sale of salmon flesh and salmon 
roe after deducting a 15% weight loss during processing. 
An average New Zealand female quinnat carries 4200 ova 
(Smith, 1977) each weighing between 0.16 - 0.20g (Hardie, 
pers. comm.). Under the assumption that the average weight 
of returning fish is 6kg and 50% are female, approximately 
6% of the total saleable weight will be roe. 
" 
i, , 
-~-' 
Market prices used in the analysis are at ,the lower end of 
current farm gate receipts at North American ranches for 
equivalent sized quinnat. In the baseline scenario, 
market prices of $6.00/kg for salmon flesh and $20.00/kg 
66. 
for salmon roe are used. Overall, this means approximately 
18% of revenue is derived from the sale of salmon ,roe. It 
is assumed in the baseline scenario that New Zealand salmon 
does not reach the Northern hemisphere market in time to 
receive high off-season prices. 
Angler catch at the river mouth is valued at the baseline 
p~ice. Using data recorded for the Rakaia River (Lucas, 
pers. comm.), it is estimated that approximately 10% of 
salmon returning to the ranch will be caught at the river 
mouth by anglers. 
, L_'· 
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CHAPTER 5 
RESULTS FROM THE SIMULATION MODEL 
In the first section of this chapter. results from Qp'a~ating the 
simulation model under a set of baseline parameters are 
presented. For each return scenario, results are given 
in terms of NPV and internal rate of return (IRR) over 
the life of the ranch. Present value is based on an 
opportunity cost of capital of 10%, the discount rate 
used in analyses undertaken by the public sector. Unless 
otherwise stated, economic return is given at level two 
that is the return from the ranch plus the commercial 
opportunity value of the sports catch. In the second 
section, the sensitivity of the "probable" scenario to 
the variation of the baseline parameters is explored. 
An evaluation of the simulation model is presented in the 
third section. Concluding the chapter is a discussion 
of the effect of uncertainity ori the criteria for 
investment in salmon ranching. 
5.1 BASELINE SCENARIOS 
Values of the parameters chosen to represent the operation 
of a salmon ranch are listed in Table 5.1 
TABLE ~.1: Baseline Parameters 
Parameter Baseline Value 
'remperature regime A",erage Monthly 
Food conversion ratio 
Egg to fry survival rate 
Weekly Survival rate 
First eight weeks 
Thereafter 
of case study ranch 
1.3 
0.8 
0.99 
0.99 
-I 
'Parameter 
safe carrying cacity (kg feed/day/m
3
) 
Raceway capacity (m
3
) 
capital expansion period (yrs) 
Market price of salmon ($/kg) 
Market price of salmon roe ($/kg). 
Costs at 10 million ova capacity: 
operating costs -
Ranch $/yr) 
Feed ($/yr) 
Processing and Marketing cost ($/kg) 
Capital costs ($) 
Baseline Value 
0.5 
3510 
7 
6.00 
20.00 
153,000 
206,000 
2.5 
475,000 
Results under the two release weight versus return weight 
scenarios are presented in- T~ble 5.2. 
O~. 
For each scenario the initial and final release weights chosen 
are those that maximise economic returns over the life of the 
ranch. In anyone year however, the sequence of release 
weights within lower and upper bounds is determined, in part, 
by ranch capacity which is assumed to expand to 10 million ova 
over a seven year period. Given a market price of $6.00/kg 
for flesh and$20.00/kg for roe plus the costs shown in Table 
5.1, the "probable" and "conservative" baseline scenarios 
show level two IRR's of 121% and 9% respectively. If the 
economic perspective is confined to level-one return the IRR's 
reduce to 19% and 6%. 
TABLE 5.2: Baseline Scenarios 
(1) "Probable" 
Return curve y = O.028X2 + 3.19X 
Initial release weight (g) 
Final release weight (g) 
Internal rate of return (%) 
Net present value ($m) 10% 
Returning fish/year @ 6kg average 
Maximum broodstock number 
Level one - ranch only 
Internal rate of return (%) 
Net present_value ($m) iO% 
Total saleable weight (t/yr) 
Loss in NPV per fish supplied to anglers 
($/fish) 
(2) "Conservative" 
Return curve y = -0.024X2 
Initial release weight (g) 
Final release weight (g) 
~ 
Internal rate of return (%) 
Net present value ($m) 10% 
Returning fish/year @ 6kg average 
Maximum brood stock number 
Level one - ranch only 
Internal rate of return (%) 
Net present value ($m) 10% 
Total saleable weight (t/yr) 
+ 2.11X 
L9sS in NPV per fish supplied to anglers 
($/fish) 
7.60 
10 
40 
21 
1. 76 
41 000 
4 500 
19 
1.26 
221 
26 
3.40 
10 
30 
9 
- 0.07 
23 000 
4 500 
6 
0.42 
122 
32 
. ..: .•.... , ~ ":';-';'. 
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Loss in NPV per fish supplied to anglers comprises the loss 
in NPV to the ranch due to the fish caught by anglers, 
divided by the number of fish available to the angler 
discounted over the life of the ranch. For the "probable" 
scenario, the loss in NPV due to the 10% supplied to anglers 
is $500,000 or $25/fish, whereas supplying the same percentage 
of the run in the "conservative" scenario reduces NPV by 
$350,000 at a cost of $32/fish. 
As expected, the functional form of the biomass ·return curve 
significantly influences economic return. Between the 
"conservative" curve with low return-weight release-weight 
ratios and the "probable" curve with medium return-weight 
release-weight ratios, the internal rate of return increases 
from 9% to 21%. Bear in mind that for the "probable" curve, 
percentage return foran·average 6kg fish is a maximum of 
1.25 at 40g release size, while for the "conservative" 
scenario maximum percentage return is 0.7 for a 30g fish. 
In comparison, the only East Coast release of juveniles of 
this size has returned over 2.5%. 
Knowledge on the affect of time and size of release on the 
return curve, will increase as recently initiated experimental 
work yields results. However, the degree of management 
control over the other variables that influence the shape of 
the return curve, for example juvenile quality, or water 
~ 1 
abstraction for irrigation remains unclear. 
5.2 SENSITIVITY OF BASELINE PARAMETERS 
This section explores the sensitivity of the "probabl~" 
scenario to the varia:tion of the baseline parameters. The 
parameters tested are listed in Table 5.3. Initially, each 
parameter is varied independently, but later where the 
literature reviewed in Chapter 2 indicated a relationship 
between variables, they are grouped together and the sensi-
tivity of the model tested for low, medium and high range values. 
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TABLE 5.3: Relationships explored in the 
sensitivity analysis. 
Between economic 
return and: 
Release weight 
Initial release weight 
Final release weight 
Temperature regime 
Food conversion ratio 
Safe carrying capacity 
Weekly survival rates 
Major mortalities 
Water quality 
Market price 
production costs 
capital expansion period. 
5.2.1 Release Weight 
Between ova 
capacity and: 
Initial release weight 
Safe carrying capacity 
71. 
Figure 5.1 presents the variation of NPV with release weight 
for the release of all juveniles at a single average weight. 
The upper .graph is based on the "probable" return relationship, 
while the second graph was derived using the "conservative" 
return curve. 
)--- - -~ --.~ '-:"~ 
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5.2.1 Release Weight 
Figure 5.1 presents the variation of NPV with release weight 
for the release of all juveniles ata single average weight. 
The upper graph is based on the Ilprobable ll return relationship, 
while the second graph was derived using the Ilconservativell 
return curve. 
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FIGURE 5.1: Single release weight versus economic 
returns. 
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For scenario 1 the maximum occurs between 20-3o.g in contrast 
to the relatively sharp maximum of 2o.g for scenario 2. 
Location of the maxima is determined by a number of factors, 
the principal ones being the amount of time for growth before 
release, the biomass ratio (average slope of the return curve) 
for each. release, and the cost of feed for each release. The 
sharp decline in NPVfor release weights below 2o.g can be 
attributed to the limited time for growth before release, 
whereas the decline in NPV for release weights greater than 
3o.g reflects the trade-off between a declining biomass ratio 
and the cost of feed. 
Overall the release schedule that yields the largest amount 
of biomass for the least amount of feed and thus maximises 
NPV, will incorporate release weights from above and below the 
net present value maximum of-the single release weight versus 
net present value curve- (see Figure 5.1). For example, the 
"probable" scenario has an initial,release weight (I.R.W.) of 
109 which is below the NPV maximum shown in the first graph 
of Figure 5.1, and a final release weight (FRW) of 4o.g which 
is at a weight greater than the NPV maximum. Figure 5.2 
illustrates how' the model is used to determine the IRW and 
FRW of the release schedule. 
NPV 
($m) 
1.8 
• 
1.4 
1.0. 
FIGURE 5.2: 
20. 40. 60. release weight (g) 
IRW and FRW versus NPV 
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Varying the release schedule by changing the initial and 
final weights has a significant effect on economic returns. 
Furthermore, it is of note that for both scenarios the 
optimum release schedules does not include the release of 
large juveniles with the highest percentage returns (see 
Table 4.1) • Thus it is evident that the percentage returned 
is not necessarily indicative of economic potential. 
By limiting the amount of food fed per day per volume of 
raceway, the safe carrying capacity constrains the number 
of fish that can be grown to the IRW. Corresponding to 
this, IRW is an ova capacity for the ranch. This relationship 
is shown in Figure 5.3. Since for the "probable" scenario 
the initial release weight is 109, the corresponding ova 
capacity is 10 million. To increase the ova capacity for 
any given release weight would require the construction 
of. additional raceways.· 
12 
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20 40 60 
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FIGURE 5.3: IRW versus ova capacity. 
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5.2.2 'Ova Supply 
Using a ratio of 2 males to 3 females, a 10 million ova 
ranch has a broodstock requirement of 4500 adult fish. 
This represents 11% of the returning adult fish in the 
"probable" scenario. Alteration of the male to female 
ratio to 1:4 reduces broodstock numbers to 8% of 
the returning adults. However, adoption of the low ratio 
has only a very minor impact on economic return. 
Availability of wild salmon ova varies from year to year. 
Lack of supplies in the second year of operation - the most 
critical, would only have a minor effect on economic 
returns over the life of the ranch, reducing.NPV by $120,000 
and the IRR to 20%. Probably the most significant effect 
of such an event would be on investor confidence. 
5.2.3 Rearing Environment 
Although the model can simulate the economic impact of 
conditions that result from "on farm" management decisions, 
there remains a number of exogenous biological variables 
relating principlly to the quality of the rearing environ-
ment. Included are; temperature regime, food conversion 
ratio, safe carrying capacity, and rates of survival. 
Since the functional relationship between them has not been • 
quantified they are initially treated as independent. 
Presented in Figure 5.4 is the relationship between monthly 
average temperature regime and NPV. 
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temperature regime (monthly average) 
FIGURE 5.4: Temperature regime versus NPV 
As water temperature rises food consumption as a percentage 
of body weight also increases. This in turn, limits carrying 
capacity. For a temperature regime of 2 degrees above the 
monthly average experienced in the case study ranch, ova 
capacity is restricted to 7.8 million. In comparison, 
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capacity is increased to 12.8 million ova when the temperature 
regime is 3 degrees below the monthly average. The difference 
in NPVbetween the two extremes is $1,090,000. This is 
equivalent to a 45 percent or $340,000 increase in annual net 
revenue once operating capacity has been attained. With a 
temperature regime of 4 below the monthly average, ova capacity 
is again increased but growth is slow and the juveniles are 
released before the final release weight is reached. 
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Varying the food conversion ratio has a small yet significant 
impact on the·economic return (Figure 5.5). Within the 
model, a decline in the food conversion ratio will reduce 
-
growth and effectively raise the cost of food. Alteration 
of the ratio can be caused by changes in food quality and 
either under or over feeding. 
l.8 
NPV 
( $m) 
~.4 
~~O 
l.2 ~. 6 
Food conversion ratio 
FIGURE 5.5: Food conversion ratio versus NPV , 
As stated previously, the safe carrying capacity in terms 
of the amount fed per day per volume of water limits the 
number of fish that can safely be raised to a specified 
size. For a given release schedule, if carrying capacity 
is changed, then the ova capacity will also change. 
Illustrated in Figure 5.6 is the relationship between the 
two variables. Due to the change in ova capacity, 
alteration of the safe carrying capacity also makes a 
significant impact on economic return. 
is shown in Figure 5.7. 
This relationship 
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FIGURE 5.6: The relationship between safe carrying 
capacity and ova capacity. 
NPV 
( $m) 
3.0 
2.0 
1.0 
FIGURE 5.7: 
, 
0.2 0.4 0.6 0.8 
Safe carrying capacity (kg feed/day/rn3 ) 
Safe carrying capacity versus NPV 
78. 
J 
f 
~ 
I • t 
iT. 
~ ... 
I \ 
The approach adopted in the mode·l ignores the influence of 
the carrying capacity on the survival rate of released 
juveniles. A number of authors (Hosmer et al., 1979; 
Burrows, 1969) have speculated that juveniles reared at high 
densities have lower survival rates in the wild than those 
reared at lower densities. If this is true then the curve 
in Figu~e 5.~~is-likely to flatteh out" on even decrease as 
the safe carrying capacity rises. 
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Another way of viewing carrying capacity is in terms of the 
efficiency of utilizing infrastructure. But although carrying 
capacity is a major determinant of economic performance, 
management has only limited ability to alter it. Choice of 
water supply source has a major influence, with the temperature 
regime being the most critical parameter. Artifical control 
of temperature is very. expensive and unlikely to prove 
economic. Carrying capacity is also a function of ranch 
design, with such factors as the size and shape of raceways, 
and the number of water changes per hour being important. 
The economics of different design proposals could be evaluated 
using the model. One. possible action by management could 
be to artificially raise dissolved oxygen levels by installing 
mechanical aerators midway down raceways. After adequate 
experimentation, the model could be used to evaluate the 
economics of this option. 
, 
In general, mortality above normally accepted levels (10-30%) 
during incubation and rearing can be attributed to a lowering 
of water quality. silt laden water is a major cause of 
mortality, especially during incubation and the first eight 
weeks of growth. Other factors including overcrowding of 
raceways, predation by birds, and cannabiiism, are also known 
to b~ influential. \ If the egg to fry and weekly survival 
rates are grouped together in low, medium and high range 
scenarios, as Table 5.4 shows, then they have a significant 
impact on economic return. 
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TABLE 5.4: SURVIVAL SCENARIOS 
Percentage Internal Net present 
i i 
to rate of value { $m} surv~v~ng 
release return 
% 10% 
Low survival rates: 
Egg to fry .7 40 14 0.58 
First eight weeks .95 
Thereafter .98 
Medium survival rates: 
Egg to fry .8 65 21 1.76 
First eight weeks .99 
Thereafter .99 
High survival. rates: 
Egg to fry .95 93 25 2.45 
First eight weeks .999 
Thereafter .999 
No release in 7th year :iL9 1.41 
No release in 7th and 8th year 17 1.12 
Within the model, the impact of the survival scenarios on 
economic return is a measure of the discounted value of adult 
fish which are directed from sale into ova production. 
Mortality, however, may not be constant over the life of the 
ranch and will probably be dominated by major events such as 
disease outbreak and floods. A total loss of juveniles in 
the seventh year, the first year of full capacity operation 
is evaluated in the fourth scenario, while the fifth scenario 
allows for the unlikely event that the loss is extended to 
the eighth year. Both scenarios considerably reduce economic 
returns. 
Parameters of temperature, food conversion ratio, safe carrying 
capacity and rates of survival, all represent aspects of water 
quality and management decision-making. Although they have so 
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far been varied independently it is likely that each may, 
to some degree, influence production capabilities simult-
aneously. For example, the model does not quantify the 
relationship between high water temperature and increase 
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in disease susceptability, or that between decreased 
dissolved oxygen levels at high temperatures and carrying 
capacity. If the parameters are varied simultaneously, 
according to the limits found in the literature and to those 
recorded on the case study ranch, and grouped together in 
low, mid and high range values, then they have a major impact 
on economic performance (Table 5.5). Even here the impact 
may be understated, as the effect of poor juvenile release 
quality on the biomass return relationship is probably 
significant. 
TABLE 5.5: Water.quality and management 
quality scenarios. 
Parameter varied 
Low 
Survival rates 0.7, 0.95, 0.98 
Temperature regime, monthly average +2 
Safe carrying capacity 
Food conversion ratio 
• 
Mid 
0.3 
1.6 
Survival rates 0.8, 0.99, 0.99 
Temperature regime, monthly average 
Safe carrying capacity 0.5 
Food conversion ratio 1.3 
High 
Internal 
rate of 
r.eturn 
% 
2 
21 
33 
Survival rates 0.95, 0.999, 0.999 
Temperature regime, monthly average -3 
Safe carrying capacity 0.7 
Food conversion ratio 1.2 
Net present 
value ($m) 
10% 
-0.68 
1.76 
5.29 
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5.2.4: Selling Price and Production Cost 
A major determinant of the economic potential of salmon 
ranching is market price. As the price of flesh is increased 
from $4/kg to $l2/kg, the IRR increases from 7% to 38% and 
NPV increased to $7.45 million. 
NPV 
($m) 
6.0 
4.0 
2.0 
FIGURE 5.8: 
TABLE 5.6: 
4.0 6.0 8.0 
Price of salmon flesh 
Market price of salmon flesh 
versus NPV 
12.0 
($/kg) 
Market Price and Economic Return • 
Variation in the market 
price of salmon products 
Internal rate 
of return 
Net present 
value 
10% 
Flesh $5/kg 
row unsold 
flesh $6/kg 
roe '$ 2 O/kg . 
flesh $8/kg 
roe $25/kg 
flesh $12/kg . 
roe -. $25/kg : 
% 
6 
21 
30 
39 
-0.40 
1.76 
3.94 
7.62 
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An increase in the price of roe from $5 to $30 has a similar, 
though less pronounced effect, with the internal rate of 
return going from 17% to 24%. For a ranch producing lower 
quality, but saleable fish but which is unable to market roe, 
the internal rate of return is 6%. At the opposite end, a 
ranch trading at the top of the market realising $8/kg for 
flesh and $25/kg for roe would have an internal rate of 
return of 30%. If this ranch was able to supply the off-
season market the internal rate of return would increase to 
39%. 
Sensitivity to change in the costs of production was examined 
by independently doubling the operating, feed and capital 
costs (Table 5.7). The results suggest that it is important 
to achieve low f"eeding costs per unit of fish returned. 
Feeds used in New Zealand are formulated according to North 
American recipes and no research has been undertaken into 
their cost effectiveness. One possible avenue for cost 
reduction could be to sUbstitute local process wastes or low 
value products, for example whey powder, for more expensive 
constituents. Economic return is also sensitive to the cost 
of processing and marketing. An increase of one dollar to 
$3.50/kg reduces IRR to 15% whereas a similar decrease to 
$1.50/kg increases the IRR to 26%. 
, 
TABLE 5.7: Variation in costs and capital expansion 
period on economic return. 
Parameter varied 
cost of 10 million ova capacity: 
Operating costs 
Ranch ( $ /yr ) 
153,000 
306,000 
Feed ($/yr) 
206,000 
4~2,000 
Internal 
rate of 
return 
% 
21 
14 
21 
13 
Net present 
value ($m) 
10% 
1.76 
0.64· 
1.76 
0.5 
! . . '.' 
[ 
1!'iW 
r I ! I ~ 
84. ! 
Parameter varied 
capital costs ($) 
445,000 
890,000 
Capital expansion period (yr) 
No expansion 
10 
7 
4 
Internal 
rate of 
return 
% 
21 
17 
19 
21 
26 
Net present 
value ($m) 
10% 
1.76 
1.37 
-0.46 
1.38 
1.76 
2.61 
As the capital expansion period increases from four to ten 
years, the internal rate of return decreases from 26% to 
19%. Expansion scenarios of less than seven years require 
additional ova supplementation beyond the initial three years 
of operation. If the current capacity of 0.5 million ova 
was sustained. under the baseline assumptions, the ranching 
operating would not yield a positive economic return. Thus 
it is important that the existing capacity be exceeded in 
order to take advantage of the potential gains from 
economies of scale. 
5.3 MODEL EVALUATION 
Like any model, the simulation model used in this analysis 
is a simplification of the real situation. It attempts a 
synthesis of the a"ailable biological and economic information 
on salmon ranching in order to assess which factors have the 
most influence on economic potential. In doing so, the 
relationships that have been quantified are more a reflection 
of information availability than any preconception of their 
significance. In this section the validity of the,approach 
taken by the model is discussed, and important relabionships 
which have not been included in the model are identified. 
A salmon ranch is a fish farm (or hatchery) rearing juveniles 
for a specific purpose. But unlike a farmer who rears fish 
to precise product specifications, a rancher is in the 
unfortunately position of having only a vague understanding 
of the relationphip between product specification and 
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subsequent return. Nevertheless, each rancher or would-be 
rancher, by choosing or proposing a release schedule, m~kes 
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an explicit assumption of the relationship. Having determined 
the product specifications in this way, it remains for the 
rancher to calculate what the most economically efficient way 
of meeting them is. 
Structually the model is similar to the explanation presented 
in the last paragraph. The major component is a simulation 
model of a salmon farm. Linking the farm output to the 
eventual product output and ova input is a return relationship. 
Given this relationship,along with the environmental condition~ 
of a particular ranch, the model operator can find the bound-
aries of the product specifications (IRW and FRW) that give 
the highest economic return over the life of the ranch. 
Within those bounds the release schedule is set by the minimum 
release amount, juvenile growth rate, and the safe carrying 
capacity and cannot be optimised to give maximum economic 
return. However, although in all cases there will be a 
release schedule that produces higher economic return than 
the schedule simulated in the model, investigation has proven 
that there is only a small difference in NPV (less than $0.2 
million) between the two approaches. Moreover, it is common 
for ranchers, having once decided upon the initial release 
weight, to use the constraint of safe carrying capacity as 
the decision rule for subsequent releases, until the final 
release w~ight is reached (Kennedy, pers. corom.). 
In the hatchery simulation, fish growth is determined by 
the amount fed and the food conversion ratio; this in turn 
through the relationship given in the feeding chart, is 
dependant on fish size and water temperature. Treating the 
food conversion ratio as an exogeneous variable related only 
to feed quality neglects the influence of water temperature. 
At temperatures above and below the optimum range (12-14oC) 
the food conversion ratio will decline as a greater proportion 
of the energy is used to maintain fish condition. In economic 
i··· 
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terms, however, as Figure 5.5 illustrated,· varation of 
the food conversion ratio has only minor significance. 
Mortality in the hatchery during incubation and rearing is 
also treated as an exogeneous variable in the model, set 
a~cOrding to the limits found in the literature and those 
experienced in the case study ranch. Though mortality rate 
is related to the parameters of fish size, temperature 
regime and carrying capacity, the relationship was difficult 
if not impossible to quantify. Carrying capacity, as 
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outlined previously, is a ranch specific parameter representing 
many of the factors embraced within the term "water quality". 
For each ran9h the relationship between carrying capacity 
and mortality has a critical point - the "safe" limit above 
which mortality due to stress.increases significantly. 
Likewise, as water temperatures rise above l50 C juvenile 
salmon become stressed. Larger juveniles can withstand 
stress better than smaller fish or incubating ova. Together, 
the three parameters may exhibit a synergistic effect with 
water temperatures near the maximum and loading densities 
close to the safe limit increasing the likelihood of a major 
disease outbreak, especially in young juveniles. 
For both the ran~h and the model, the relatibnship between 
these parameters and mortality can only be treated by 
restricting operat\ons and the criteria for site selection 
to the "safe" limits. Beyond these limits, although 
tradeoffs between water quality parameters may be possible, 
the economic loss resulting from a major disease outbreak 
OI a recurring disease problem makes such tradeoffs 
inadvisable. 
other economic analyses of salmon ranching (Costello, ,1981,. 
1981a,unpublished; Orth, 1977) derive their results from 
releasing all juveniles at one time. In contrast, the 
approach used in this study simulates the behaviour of the 
1'1] 
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ranch operator by allowing for the release 6f juveniles 
when rearing space is constrained. By doing this, both 
the number of fish and the total weight of juveniles 
reared each year is considerably increased. Under the 
assumption contained in the "probable" scenario the minimum 
difference in NPV between the single release and the 
multiple release approach is $0.86 million. 
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The greatest weakness in the model is in the relationship 
between the fish released and the returning adults. In 
part, this weakness reflects the lack of knowledge of the 
factors that influence survival in the freshwater and marine 
environments. For example, predation in freshwater and 
at the river mouth may be a major cause of mortality for 
ranch juveniles. One way of overcoming this could be to 
release larger juveniles. Alternatively, the use of methods 
such as simulating preda~rs in raceways, reducing carrying 
capacity to enlarge fish territory or releasing juveniles 
directly into the ocean from a saltwater holding area could 
be equally effective and less costly. Unfortunately, 
because the basic causes of mortality for ranch released fish 
remain a matter of speculation, the effectiveness of these 
management options cannot be assessed. Hence, in the model, 
the relationship between the hatchery component and the 
return of adult fish is restricted to the observed correlation 
between time and size of release of juveniles, and adult 
return. , 
Another unknown is the time it takes to establish a run 
that. homes to the ranch. In the analysis. it was assumed 
that juveniles grown from ranch broodstoqk would achieve 
twice the rate of adult returns compared with juveniles grown 
from non-ranch stock. However, as New Zealand quinnat salmon 
~hibit a comparatively high rate of straying (10%) from 
their natal stream when they return to spawn, it may take 
many generations before a run that homes only to the ranch 
is. established. Once more information on run· establishment 
becomes available, it can easily be incorporated into the model. 
Although it is reasonable to assume that other hatchery 
parameters besides release weight and time affect the 
return of adult fish, their significance is unknown. 
Extension of the tradeoffs in the hatchery component of 
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the model to include their effect on the return relationship 
is not possible. But as a general maxim, decisions detrimental 
to juvenile quality are unwise. Conventially, in assessing 
the economics of salmon ranching the percentage of fish 
~eturning from the release of juveniles is used as the 
foundation of the analysis. This study, however, uses a 
"biomass ratio" - that is the ratio between the total weight 
of returns and the total weight of releases, as an indicator 
of the economic potential of a particular release. By 
comparing Table 4.1 which gives the dimensions of the 
release weight curves, with Figure 5.1 showing the economic 
potential of each release weight,it is evident that the 
"biomass ratio" is an-adequate indicator of economic return. 
Furthermore, the results illustrate that the percentage of 
adult fish returning from a particular release is not 
necessarily an indicator of economic potential. 
Salmon ranching is based on hatchery rearing techniques 
developed for trout farming and the enhancement of the 
trout fishery. Equally, the model used in this analysis 
and hence the results, are founded on the traditional type 
of salmon ranch,practicing intensive rearing of juveniles 
in freshwater ponds.or raceways. Other innovative approaches 
to salmon ranching are under study and may, if they produce 
a cheaper product, supersede the type assessed by the model. 
A close variant, uses pumped salt water to raise juveniles 
in raceways beyond the smolt stage (5g). This method 
allows capture of adults in saltwater. At the other extreme 
are attempts to more closely simulate the natural life 
cycle by using modified streambeds, lakes and ponds, or 
irrigation systems for the rearing of juveniles. By utilizing 
existing features of the environment and supplementing 
natural diet~it may be possible to attain a higher survival 
rate of released juveniles at a lower rearing cost. 
Needless to say, these ranching methods cannot be evaluated 
by the model. 
Overall, the major criticism of the model must be that the 
hatchery component is overly detailed in comparison to the 
uncertainty in the return relationship. With the benefit 
of hindsight some variables in the model could be simplified 
without significantly affecting the results. Specifically, 
the brood stock component could be calculated from a fixed 
ova per weight ratio for returning salmon. Mortality during 
incubation and rearing could be set to a fixed percentage 
per brood year. Doing this, however, reduces the model's 
flexibility and prevents the operator from assessing the 
economic significance of mortality at different stages of 
the juvenile's life. As stated earlier, the principal 
defence for adopting the -approach taken in formulating the 
model is -that all decis'ions taken by the management of a 
ranch are, or should be, founded on an explicit assumption 
of the return relationship. Moreover, with each subsequent 
release the return relationship should become clearer, 
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and by employing and extending the relationships in the 
model the tradeoffs between hatchery variables for a 
particular ranch may possibly be evaluated with more 
certainty. 
5.4 U~CERTAINTY AND INVESTMENT 
In general, where benefits exceed costs the private sector 
will recognise sufficient profitability, and investment 
capital would be forthcoming from private firms. However, 
as Orth (1977) concluded in his study of non-profit making 
private hatcheries in Alaska, economic incentives facing 
potential investors in salmon ranches "diverge significantly 
from those generated by less complex market environments". 
This divergence, which is just as evident for profit making 
companies investing in salmon ranching in New Zealand, can 
be defined by examining the characteristics of a salmon 
ranching investment. 
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Like most other managers of biological systems, the salmon 
rancher is required to cope with a large number of stochastic 
factors, all of which influence economic return. Knowledge 
of the basic functional mechanisms and interactions between 
the biological parameters that affect salmon returns are, 
at best, meagre. Furthermore, limited availability of 
historical data makes it impossible to estimate the bounds 
of uncertainty associated with a particular release. Although 
investment in salmon ranching and salmon research is the only 
way uncertain:t.y·· and hence risk can be reduced, the fact 
remains that the major characteristic of such an investment 
is extreme uncertainty as to economic return. 
Biological uncertainty is manifest in the investment strategy 
chosen. A salmon rancher may not know how many salmon are 
going to return until they are captured. Investment in new 
infrastructure or processing equipment will be in a short 
run disequilibrium situation. Thus, to avoid undue risk, a 
decision-maker is likely to pursue conservative capital 
expansion plans. Consequentially, for a 10 million ova ranch, 
capital investment may be spread over a longer period than 
the 7 years used in the analysis. 
~I 
A new industry adapting overseas methods to New Zealand 
conditions has a high probability of making major mistakes. 
Juvenile salmon have specific water quality requirements. 
Faults in the design and location of a ranch that lead to 
flooding, water supply failure, or a significant lowering of 
water quality during rearing could mean complete failure of 
the venture. In a similar way, failure of inexperienced 
management to recognise the onset of stress in juveniles or 
detect symptoms of disease, could jeopardise the survival of 
a brood year. New Zealand's relative inexperience in artificial 
fish-raising techniques adds another element to investment 
risk. 
:,-, .. , 
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Specialised assets are used in salmon ranching, many of which 
are not transferable to other sectors of the economy. The 
majority of investment is in constructing a ranch that cannot 
be used for any business other than the rearing of fish. 
This implies high exit barriers and perhaps more importantly 
for New Zealand businesses, may reduce the opportunity for 
realising capital gain. 
Salmon ranching is capital intensive with a long lead-time 
before substantial economic returns cpn be expected. For the 
"probable" scenario maximum returns are not achieved until 
the tenth year, although investment in ranch capacity is 
completed by year 7. 
Vaguely defined "property rights" over the salmon released 
by the ranch add another dimension to investment risk. 
Salmon ranching firms are attempting to establish a salmon 
stock that homes to the ranch. However, rights of access 
to fish returning to the ranch are not currently defined 
in fish farming legislation. Furthermore, ranch owners 
have no coritrol over the allocations of harvest rights to 
anglers and commercial fishermen, the other common property 
--, 
user groups. 
To summar~se, investment in salmon ranching by the private 
sector is high risk, due to extreme uncertainty over returns 
of adult fish, lack of local knowledge of commercial hatchery 
planning and operation, high industry exist barriers, vaguely 
defined "property rights" and (as Chapter 3 concluded), 
uncertainty as to market prices for the New Zealand product. 
Altogether, the many areas of uncertainty imply that entrants 
into the salmon ranching industry will require a higher 
potential return on investment than in most other industries. 
The "probable" baseline scenario identifies a ranch only 
internal rate of return to the nation of 19%. For the 
private firm, various government incentives offered to 
investment capital - such as export incentives, tax deductions 
i 
'" 
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and payment deferral, and employment subsidies, will improve 
the rate of return, but even so it may still not be sufficient 
to attract and retain private capital. 
As a corollary, the companies that are most likely to invest 
in salmon ranching are those with wide investment portfolios 
that are ·capable of balancing high and low risk investments 
across a range of industrial! sectors. Furthermore, joint 
ventures with overseas partners providing technological 
advice and assisting with market access may significantly 
improve the chances of success • 
• 
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CHAPTER 6 
EXPLORING EXISTING MANAGEMENT POLICY 
In New Zealand, salmon released by ranchers into rivers are 
a public resource while in public waters. They contribute 
to the common property recreational and commercial fisheries. 
Access to the fishery is subject to the rules and regulations 
govern~ng harvest by recreational anglers and commercial 
fishermen. This chapter explores the influence of the 
existing proprietary rights,to the quinnat salmon resource, 
on the net economic benefits from salmon ranching. The 
difference between what could be, which was presented in the 
last two chapters, and what exists, is the cost to society 
of the present allocationary arrangements. 
c 
Anglers are the major non-paying group affected by the 
operation of a salmon ranch. Section 6.1 discusses the 
contribution of salmon ranching to the value of the sports 
fishery. 
At present anglers are also the major group influencing 
salmon ranching policy. In the latter half of this chapter, 
aspects of salmon ranching policy are outlined - namely 
ranch locption, other forms of salmon acquaculture,and salmon 
capture at sea, and their influence on the economic return 
from salmon ranching is evaluated. 
6.1 ENHANCEMENT VALUE 
Valuing angling catches of ranch-released fish at their 
potential commercial value may underestimate their contrib-
ution to the total net benefits from operating a salmon 
ranch. "In fact, this method of valuing does not directly take 
into account the satisfaction derived from recreational angling. 
" --;--- .. ~ . - . 
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Fish for food and fish for recreation are~ for most people, 
two different economic goods. On a conceptual level what 
we are trying to measure is the difference in net value 
under the demand curve for the enhanced fishing, and under 
the demand curve for the natural fishery. Predicting the 
impact of enhanced angler opportunities on angler demand is 
difficult, although it seems intuitively obvious that if 
there were more fish available then angling would increase. 
This is shown in Figure 6.1 with the demand curve of the 
natural fishery DN shifting to DE - the demand curve of 
the enhanced fishery. 
catching salmon, however, is only a small, though essential 
part of the angling experience. Bryan (1975) found that 
the major motivation associated with sport fishing to be 
relaxation. Thus the influence of crowding, especially at 
the river mouth, may reduce any shift in the demand curve 
(Meyer, 1977). This is illustrated in Figure 6.1. 
Price per 
fishing 
day ($) 
• 
Ql Q2 Q3 
AVC' 
AVC 
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Quantity of fishing of.a· given 
quality (fishing days} 
FIGURE 6.1: The Impact of Crowding on Angling 
In the natural fishing, anglers demand Ql fishing days at 
an average cost of AVC. Here, the net value of the fishery 
is the area above AVC and below DN. Enhancing the fishery 
will increase the number of persons demanding angling at 
a series of possible prices - hence DN will shift to the 
right to DE. with an influx of new anglers crowding will 
increase, and on the supply side all anglers will incur "a 
social cost. This cost, while not monetised, represents 
the loss in benefits through having to fish in more 
crowded conditions, and will have the effect of shifting 
AVC to AVC'. This will establish demand for a new quantity 
of 02 but will also disenfranchise a group of users equal 
to Q3-Q2 who would have participated at pI but will not at 
P2. In other words, those most sensitive to crowding (they 
sustain the highest social costs), will reduce their 
recreational angling in the enhanced fishery. 
While the above explanation shows that the marginal benefit 
to anglers per aaditional fish returning to the river is 
likely to decrease as the number of returning fish increase, 
or put more simply - that the willingness of anglers to 
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pay for fishing is not directly proportional to the fish 
caught, it is very difficult to measure this relationship. 
Indeed, determining an economic value for any form of outdoor 
recreation is difficult. In the absence of market evidence 
on the demand for angling, that is, the quantity of recreation 
consumed over a wide range of user fees, it is necessary to 
estimate demand and value by indirect approaches. Commonly 
used techniques that illicit some measure of willingness to 
pay in orper to develop a demand curve (Sinden and Worrell, 
1979) although theoretically valid, require expensive surveys 
and are often of dubious accuracy. 
However, an insight into the importance of the angler catch 
to the economic benefits from salmon ranching can be gained 
by testing the sensitivity of economic return to changes in 
the value of the angler catch. Results, which are presented 
in Table 6.1, indicate that because the angling catch is 
only a small proportion of the total returns, a large increase 
in value has only a moderate effect on level two economic 
return. 
- - ~ -' 
TABLE 6.1: Sensitivity of economic return to 
value of the sports catch. 
Value 
Baseline 
2x basE;!line 
3x baseline 
Market Value of 
average fish @ 
6 kg ($) 
36 
72 
108 
Internal rate 
of return (%) 
21 
23 
24 
6.2 LOCATION OF RECAPTURE POINT 
Net present 
value ($m) 
1.76 
2.21 
2.48 
An objective of salmon management policy is to resolve the 
conflicts betwe~n the two user groups - recreational anglers 
and commercial ranch owners. This objective cannot be judged 
solely in terms of a single measure of economic efficiency 
as many other factors must also be taken into account. The 
effect of policy on different social and income groups must 
be considered. Recreation plays a very important role in 
society and this, as well as the effect on other recreational 
opportunities, requires examination. Consideration must also 
be given to historic access rights to the salmon resource. 
On the other hand, for a salmon ranch to operate it must 
continue to show a profit. Finally, policy is constrained 
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by biological uncertainty. In this section one measure of 
salmon ranching policy is investigated, that of the relationship 
between ranch locat~on and economic efficiency. 
Support by the Acclimatisation Societies and the Salmon Anglers 
Association for the commercial ranching of quinnat salmon is 
based on the prospect that returning salmon will substantially 
increase the number of salmon available for capture by anglers. 
Preference for a recapture site upstream of preferred fishing 
areas is, therefore, implicit in their support. As mentioned 
earlier, the needs of commercial ranch operators are in 
conflict with. the desires of interest groups representing 
anglers. Location of the recapture point upstream leads I,," 
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to lower flesh quality in returning adults, especially earlier 
in the season when salmon move up river slowly. Lower flesh 
quality results in lower market prices and possibly a pro-
portion of the early returns being unmarketable. 
The model was used to evaluate the impact of locating a 
ranch inland from the coast. Scenario 3 is a 10 million ova 
capacity ranch located BOkm inland from the East Coast of the 
South Island on the Rakaia River. In line with the current 
policy of Acclimatisation Societies, release and recapture 
is permitted only at or very close to the ranch. The 
parameters of fish quality and thus price, and the proportion 
of returning salmon caught by anglers are different from the 
"probabl:'e" scenario. Between the river mouth and the ranch, 
angler catch is assumed to be 10% of the returning salmon. 
Together with thE! 10% caught at the mouth, this makes a 
total angler catch of 20% of all returns. As in the previous 
section, angler catch is valued at its opportunity cost, that 
is, the commercial value at the river mouth. 
TABLE 6.2: Location Scenario 
Saleable fish 
1 Angler catch 20% ($/kg) 
All two year old males 2 ($!kg) 
Half of a~], other fish 
returning ($/kg) 
Level two - ranch and anglers 
Internal rate of return (%) 
Net present value @ 10% ($m) 
Loss in NPV due to location ($m) 
Level one - ranch only 
Internal rate of return (%) 
Net present value @ 10% ($m) 
flesh 
roe, 
flesh 
roe 
Loss in NPV per fish supplied to anglers 
6.00 
20.00 
5.00 
5.00 
IB.OO 
8 
0.24 
2.0 
-1.24 
($/fish) at river mouth 26 
- between the mouth and the ranch 130 
I'e:', ::~-. ," , 
. ..~. ," "" .. , 
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1 Lucas pers comm. 
2 Crowe pers comm. 
From the level two perspective, scenario 3 shows an IRR of 
8% and a loss in NPV due to ranch location, of 2 million 
dollars. For level one, the economic return to the ranch 
owners has. a NPV of -$1.24 million. Overall, if 10% of 
returning fish are caught by anglers between the river mouth 
and the ranch, the loss of total NPV is $130 per fish supplied 
to anglers. Thus, under the assumptions stated, supplying 
an additional fish for anglers to catch between the river 
mouth and the ranch, costs approximately 5 times as much as 
it would to supply an additional fish at the river mouth. 
This increase is due to the decline in the commercial value 
of salmon as they move up the river. If less than 10% were 
caught between the river mouth and the ranch, the cost per 
fish supplied to anglers would increase. 
NPV 
($ml 
2~0. 
c 
1.5 
~ .0 AV 
0.5 
0 
-0..5 
-l.O 
RV 
FIGURE 6.2: NPV versus ranch location 
Distance from 
mouth (km) 
: - ~.~, , .. - .. ~-
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The effect of ranch location on the economics of salmon 
ranching is more readily illustrated graphically. Figure 
6.2 shows the variation of NPV with distance from the 
coast for the Rakaia River under the assumption that the 
relationship is linear. 
FV = RV + AV 
where FV = total net benefits from operating the ranch 
(level two return) 
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RV = net benefits to range owner (level one return) 
AV = benefits to anglers from ranch operation. 
Theoretically, the conditions for maximum economic efficiency 
will be satisfied by locating the ranch where : 
dFV = 
dR 
dAV + 
dR 
dRY 
dR = o 
However, as the shape of the FV, RV and AV curves are not 
known, the p~int of location for maximum economic efficiency 
can only be assessed in general terms. 
The value to the angler of a ranch-released fish is unknown, 
as the preceeding section (6.l) concluded. Even so, if the 
relationships of NPV versus distance inland are linear for 
the ranch and the sports fishery, as Figure 6.2 shows, then 
angler va~ue would need to be at least 5 times the commercial 
opportunity value before the NPV maximum for the enhanced 
fishery (level two) moved inland from the coast. 
Because the sales revenues of a ranch located inland may not 
be sufficient to cover all the costs of the resources required 
to operate the ranch" some part of the angler benefits created 
in the common property fishery could justifiably be transferred 
to the ranch. For the situation depicted, in Figure 6.2, a 
present value payment of $1.25 million would cover costs. 
Alternatively, a payment of $2.5 million, or $130 per angler-
caught fish would be needed to fully compensate for the loss 
in NPV, due to ranch location. 
lOO. 
It is useful to speculate what other conditions could lead 
to an increase in total net value for a ranch located beyond 
the river mouth. The major variable influencing total net 
value, as Figure 6.2 illustrates, is the decline in the 
quality of fish and hence market value, as the salmon proceed 
up the river. Let us suppose that the relationship between 
the net value of the ranch and distance from the mouth 
declines slowly at first and more rapidly further up the 
river and furthermore, that the distribution of anglers is 
not uniform - with most of the sports catch being made near 
the river mouth (sports fish are valued at the commercial 
opportunity cost). This situation might result in a relation-
ship similar to that presented in Figure 6.3, with net value 
peaking 10-lSkm from the mouth. 
2.0 
l.S 
NPV 1.0 AV 
(Sm) 
0.5 
Distance from 
0 
-0.5 
-l.O 
-1.5 
FIGURE 6 • 3 
80 
NPV versus ranch location: 
an alternative view. 
FV 
RV 
mouth (km) 
Until more is known of the relationship between the movement 
of salmon upstream and their market value on a particular 
river, the optimal ranch location in net commercial value terms 
will remain a matter of speculation. Nevertheless, there is 
- _~.:_o 
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some justification for dismissing Figure 6.3 as an unlikely 
candidate. If a high proportion of the angler catch is made 
near the river mouth as the relationship for AV shown in 6.3 
assumes, then the net value of a ranch (RV) located in that 
area will decline accordingly and is unlikely to be represented 
by the curve in Figure 6.3. In this case, as the previous 
section concluded, the value of each additional fish caught 
by anglers may decrease as more anglers are attracted to the 
fishery. 
6.2.1 Movement of capture Point 
Results from the previous section suggest that inland ranches 
capturing salmon at the hatchery site may not prove economic. 
However, existing salmon ranching policy perudts Acclimatisation 
Societies to.specify other points for commercial harvest 
(MAF,1980). This provision could be used to allow a ranch 
to capture a proportion of its returning fish in close 
proximity to the river mouth, before their market value 
deteriorates. In practical terms, the major concern is that 
the number of fish returning to a 10 million ova ranch (30,000 
- 50,000) is likelYDto be equivalent to or larger than the 
wild run. Therefore capture of hatchery-reared fish near 
the mouth will interfere with the wild run. One method could 
be to trap incoming fish, during periods that interfere least 
with angler activity and harvest all those that are tagged. 
However, ~aintenance and supervision of the trap in addition 
to the need to tag each juvenile released would considerably 
increase the expense of operating a salmon ranch. Moreover, 
a permanent trap located near the river mouth would be 
unlikely to gain angler support. 
Alternatively, part of the salmon run, or a portion of the 
river, could be netted by the salmon rancher. Using this 
method, the salmon captured for marketing by the ranch would 
include a proportion of the wild run which, as a consequence, 
would reduce the natural spawning population. Over time, 
particularly if natural populations experienced a number of 
years of poor recruitment, this method could conceivably 
threaten the viability of the wild salmon run. 
,~ .. ,~,:,~.~-~--'-: 
~~~~:~::~~t:~~ 
f
·.···: 
.. 
".,::. .-.,-r 
", .. ---
~02. 
setting the quantity to be harvested, by either method, will 
also be difficult. As all ranches will be operating under 
specific circumstances, initial negotiations will need to 
determine a mutually agreed level of profitability. From 
this, and taking into account for each river the biological 
considerations necessary to maintain the wild run and the 
mechanics of capture, harvest could be set to a proportion of 
the expected returns. Even here, biological uncertainty and 
the associated yearly fluctuations in the salmon run, will 
not allow the managing authority to guarantee the ranch access 
to a set proportion over the long term. 
In summary, neither method of capture is likely to prove 
satisfactory to sports fishermen and salmon ranchers alike. 
Sorting the fish through a trap near the river mouth will 
place additional costs on the ranch for tagging and supervision, 
and is likely to prove unacceptable to some anglers. Netting 
a portion of the run may, over time, threaten the existence 
of wild salmon populations. For the rancher, uncertainty 
over ha~est allocation will add another element of investment 
risk. In conclusion, shifting the location of the capture 
point from the ranch is unlikely to provide a satisfactory 
solution to the conflict between anglers and commercial 
interests over ranch location. 
Another solution tti the problem of ranch location has been 
proposed by Costello (1981, unpublished). He suggests that 
each ranch could have two release and capture sites, one 
near the river mouth for salmon flesh production and the other 
located upriver for broodstock capture and enhancement of the 
sports fishery. Presumably, juveniles intended for flesh 
., 
production would be transported from the upriver hatchery to 
raceways located near the river and be "imprinted" to 
those waters for an appropriate period before release. This 
method is used by some North American ranches but as yet has 
not been proven for New Zealand conditions. 
-... : .. : • ..:.~.-:..-•• ->:.' • 
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Assuming New Zealand research validates the practicality of 
Costello's proposal, the major question remaining is cost. 
Construc~ing and operating a large release facility and capture 
point at the river mouth, together with the transport of" 
juveniles would add significantly to the cost per juvenile 
released. A significant increase in operating and capital 
costs, as Chapter 5 concluded, could make salmon ranching 
uneconomic. 
6.3 OTHER FORMS OF SALMON AQUACULTURE 
Salmon ranching policy expressly prohibits "the pond raising 
of salmon for sale •••• except for the initial cycle of 
operations at Bubbling Springs Salmon Farm, Takaka" (MAF, 1980). 
Equally, the exclusion of fish from the provisions of the 
Marine Farming Act 1971 effectively prohibits sea cage rearing 
for other than experimental purposes. Salmon anglers are 
opposed to both forms of salmon rearing as neither enhances 
the sports fishery. Considered in this section, is whether 
the liberalisation of salmon acquaculture will contribute to 
the economic potential of salmon ranching. 
Overseas experience has demonstrated that rearing salmon to 
maturity in captivity is an expensive and risky business 
(Kennedy, 1978). Salmon farmers will obtain initial stocks 
from wild or ranched salmon. Once established, captive , 
salmon rearing operations are likely to prefer local supplies 
of ova in order to escape the high costs and mortalities 
involved in transporting juveniles. 
Ova requirements for an export orientated pen rearing or 
freshwater rearing industry producing 1000 tonnes per annum 
are unlikely to exceed 2 million ova per annum. 
i 
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TABLE 6.3: Ranch as in Scenario 3 (6.1) selling 
2 million ova per annum. 
Ova ($/lOOO) 
Change in NPV ($m) 
Ranch only 
Internal rate of return (%) 
1 Crowe pers. comm. 
25-l. 
0.25 
To supply this amount from a 10 million ova ranch would 
generate a $250,000 increase in the NPV of Scenario 3. 
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Scenario 1 and 2 would experience a smaller increase in NPV of only 
$140,000. Furthermore, a pen rearing or freshwater rearing 
industry of the size depicted would compete with the salmon 
ranching industry for domestic markets, and also for available 
fish meal - the most expensive ingredient of fish food. In 
the balance, it can reasonably be concluded that the promotion 
of other forms of salmon aquaculture is more likely to be 
harrnful,rather than beneficial,to the economic potential of 
salmon ranching. 
6.4 SEA-CAUGHT SALMON 
Salmon caught at sea outside the boundaries of Acclimatisation 
Districts, are excluded from the definition of fish in the 
provisions of Part 1 of the Fisheries Act 1908 (currently 
under revision) and can be transhipped or destroyed without 
breaching the Act (Harte, 1981). Once landed they become 
subject to Part 11 of the Fisheries Act 1908 and can be • 
retained in possession of persons provided it is the open 
season and th~y are not held for the purpose of sale (ibid). 
Reportedly, (Arthur, 1982a) most salmon caught by commercial 
fishing vessels are distributed amongst fishing crews and 
management, or given to charity. 
As they stand, the laws controlling salmon caught at sea as 
'by-catch' are problematic for all the parties concerned. 
Research into the distribution and migration patterns of 
salmon at sea is hampered by the laws governing ownership of 
sea-caught salmon. Moreover, without such knowledge, 
I 
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management of offshore fishing to prevent salmon capture is 
impossible. This will be especially important if enhancement 
significantly increases salmon numbers. In addition, the 
lack of a market prevents the full realisation of their economic 
value and encourages the development of a 'black' or illegal 
market. 
It is difficult to evaluate the effect of current legislation 
covering salmon caught at sea as by-catch on the potential 
economic benefits from salmon ranching. First, an estimation 
of the proportion of salmon caught in the offshore fishery 
is needed. In three years of operating the Galatea, an 
86ft stern trawler from Timaru, Mr B. Kenton (1982) caught 
about l6 tonnes of salmon (3200) out of a total catch of 6,000 
tonnes. Five boats of a similar size and type are currently 
fishing on the East Coast (anon.) • Expert opinion canvassed 
by Leatheis and H6lmes (1981, unpublished) give a "most 
probable" estimate of 53,000 (highest 115,000, lowest 20,000) 
salmon returning to spawn in South Island East Coast rivers 
during the 1979/80 season. Using this estimate, a five boat 
fleet and extrapolating from the catch record of the Galatea, 
annual offshore catch would be equivalent to lO% of the salmon 
run. Unfortunately we have no idea what proportion of the 
fish caught would have survived to return to the river. 
Second, the loss in value through being unable to market the 
salmon must be estimated. Or alternatively, salmon caught as 
by-catch can be valued at their opportunity cost to the ranch. 
If the maximum catch was 10% of the fish that would have returned 
to the ranch, this method gives an NPV of $0.5 million, which 
is the same value as the fish caught by anglers at the river 
mouth. 
A recent,M1\1; (FFAC ,1981) ,p:-oposal recommends that the landing and 
sale of salmon caught by commercial fishermen at sea as by-
catch should be legalised under the following conditions: 
(I) Fishermen must deliver salmon to designated fish 
~acking houses for storage. 
- -':::'--".' 
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(2) Sale of stored salmon will be by tender to 
registered salmon farmers only. 
(3) Proceeds after handling and storage have been 
deducted will be distributed on the basis of 
80% to the catcher and 20% to the national 
executive of the Acclimatisation Societies. 
Under this proposal the economic benefits from salmon caught 
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as by-catch would be realised in the market. However, anglers 
and salmon ranchers fear that if the price paid to fishermen 
is too high then they might target-fish for salmon. Neverthe-
less, these groups have given support to the proposal for a 
trial period,provided that fishermen receive a price comparable 
with and not. higher than that paid for other species. 
A catch of lO% of the salmon returning to the 10 million ova 
ranch of the "probable" scenario would raise NPV of the 
ranch by $0.5 million .to $2.26 million with an IRR of 23. For 
the "conservative" scenario, the increase in overall benefits 
is sufficient to cover costs, with an NPV of $0.28 million 
and IRR of 12%. From the estimates made in this section, it 
is concluded that salmon caught at sea as by-catch could make 
a·significant contribution to the overall economic benefits of 
operating a salmon ranch. 
, 
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CHAPTER 7 
CONCLUSIONS AND IMPLICATIONS 
Many different public agencies, interest groups, and private 
individuals are involved in either the management of the 
salmon resource or the salmon ranching industry. As a compre-
hensive analysis of the economics of salmon ranching in New 
Zealand has not been undertaken, decisions made by these 
groups'and individuals are based on their preconceptions of 
the economic viability of salmon ranching. By identifying 
the major factors that influence the economic return from 
salmon ranching and by estimating the economic potential of 
the ranching operation, this project seeks to improve the 
quality of the information on which decisions are based. 
This task was accomplished by developing a simulation model 
of a salmon ranch that incorporated. the important linkages 
between biological and economic variables. Using data from 
a case study ranch, two baseline scenarios were established 
and the sensitivity of economic return to all major 
variables was tested. Subsequently, the model was used to 
determine the effect of three aspects of current salmon 
management policy on the economic return from salmon ranching. 
, 
Two levels of economic analysis were used to distinguish 
between the groups that benefit from the enhancement of the .. 
salmon fishery. Level one economic return records the net 
benefits aGcruing to the ranch from operating in a common 
property fishery. Economic return at level two extends the 
analysis to include the minimum value of the benefits derived 
by anglers from the enhanced fishery. 
I 
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Given a price for salmon of $6/kg for flesh and $20/kg for 
roe the "probable" baseline scenario for a 10 million ova 
ranch, located at or nearby a river mouth, yields an internal 
rate of return to the ranch (level one) of 19%. If the 
benefits are extended to include the proportion of ranch-
released fish caught by anglers (level two), the internal 
rate of return increases to 21%. Allowing for the fish 
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caught at sea as by-catch raises the internal rate of return 
to 23%. Under the "conservative" return scenario, and holdigg 
all other parameters at their baseline values, the analysis 
yields internal rates of return of 6%, 9% and 12% respectively. 
Results from the sensitivity analysis identified carrying 
capacity of the hatchery, mortality in the hatchery, and 
survival outside the ranch, as the major biological determ-
inants of economic return.' For the latter, the biomass 
ratio - that is the ratio of total return-weight to total 
release-weight, was found to be a better indicator of the 
economic potential of a particular release than the percentage 
that survives to return to the ranch. Of the economic parameters, 
the price received for salmon flesh and the cost of feed were 
isolated as the factors most influential to economic return. 
Ranch location was discovered to be a significant determinant 
of economic return. A ranch located 80km from the coast 
operating under ehe"probable" return scenario was found to 
have an internal rate of return of less than zero. Transferring 
the salmon capture point to the coast was considered for this 
ranch, but was found to be both costly and impractical. 
The salmon ranch model developed for this project,' is a 
substantial advance on those used in previous studies. 
Specifically, the simulation of releases at different times 
and weights follows closely management decision-making and 
considerably increases estimates of economic return. 
I' 
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In addition, the simulation improves flexibility by allowing 
the incorporation of the seasonally dependant variables of 
temperature regime and carrying capacity, and the structuring 
of the analysis around an explicit release-weight and time 
versus retumrelationship. Against these benefits, the prin-· 
cipal criticism of the model is that given the current state 
of knowledge, the hatchery component is overly detailed in 
comparison with the uncertainty in the return relationship. 
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From the results of this study, it appears that under certain 
circumstances salmon ranching co~ld yield an "acceptable" 
return to the nation. In the concluding section, discussion 
will be directed towards the selection of research priorities 
and the identification of policy initiatives that will 
.facilitate the realisation of this potential. Presented 
overleaf is a summary. of findings indicating for each variable; 
the relative importance to economic return, the status of 
the information base, and the priority for research. 
t 
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TAB DE 7.l: Summary of findings 
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• '_~.'_'.'.'_'_'.r.' 
~:.:: ~ . ..: ::.:;:;.;.:~;-:~~ 
FACTOR Potential importance Status of Rese'arch 
to economic return information base priority 
(Low/Med/High}l (Poor/Adequate/ (Low/Med/ 
Good) High) 
1) Biological: 
temperature M G L 
sa£e carrying capacity H A M 
food conversion ratio L G L 
weekly survival H P M 
major mortality events L A L 
survival outside ranch H P H 
(returns) 
2} Economic: 
Flesh price H A M 
roe price M P M 
operating costs M A M 
feed costs H P H 
capital costs L A L 
capital expansion rate M A L 
3) policy: 
ranch location H P H 
value of sports catch M P H 
variabi1i ty ~f ova supply L A L 
sea catch L-M P M 
other salmon aquaculture L A L 
1 for 10 million ova ranch 
High, effect on NPV is greater than $1.0 million 
Med, effect on NPV is between $0.4-$1.0 million 
--" ... 
Low, effect NPV is less than $0.4 million 
. ,'--.. :"-' .. 
on 
III 
The sensitivity of economic return to the carrying capacity 
of the hatchery, together with the mortality experienced in 
the hatchery, emphasise the importance of water quality 
criteria in the selection of a salmon ranch site, particular 
temperature regime and silt content. Because of this, it 
is essential that the environmental characteristics of a 
prospective ranch site are monitored for at least a year and 
preferably two years, before a decision to construct a 
ranch is made. To prevent long delays between initial 
ranch proposals and ranch estabishment, and to reduce the 
chances of total failure of a ranch, a research programme 
should be inaugurated to identify and then monitor potential 
ranch sites within the existing distribution of salmon 
populations. As a corollary, the Freshwater Fish Farming 
Regulations, Amendment 2 (1982) that permit the Minister 
(of Fisheries) to grant a six month, site. sDecific, orovisio: .• 
licence for a fisb farm, may need to change if this recommen 
ation is to be adopted. 
The relationships between release weight, release time, 
and the expected return weight, can only be derived from 
empirical data. An experimental programme to determine 
these relationships has only recently been initiated. As 
results become available they can be incorporated directly 
into the model and used to determine the release schedule 
which yields the highest economic return. Research to 
isolate~ther management variables that influence survival 
in the wild requires complicated and expensive experimental 
programmes that are beyond the research resources available 
in New Zealand. However, results from research on quinnat 
salmon in North America are generally applicable locally, 
and may help to improve the quality of decision-making by 
hatchery management. 
Export prices for salmon and salmon products are, as expecte: 
. , '~-,,:: - ~ - ~ . 
a primary determinant of ranch viability. Prices paid on ' .... 
overseas markets vary with quality and season. Until more 
capture and marketing trials are undertaken to determine 
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the exact time New Zealand production will arrive on 
overseas markets and the price overseas buyers are prepared 
to pay for New Zealand salmon, the net returns from 
exporting salmon cannot be known with any degree of 
accuracy. (' 
Salmon feeds used by New Zealand ranches are formulated 
from recipes based on the relative prices of the constituents 
in North America. In this study, feed costs were identified 
as influential to economic potential. Overseas investigations 
into artificial trout feeds (Reinitz, 1981; Rumsey et ai., 
1981) have found that meat and dairy wastes can be substituted 
for a proportion of the more expensive fish meal and fish oil. 
Research into the applicability of those results to salmon 
feeds may yield a.more cost-effective recipe for salmon feed 
produced in New Zealand. ' 
Although economic efficiency is only one of many criteria 
for determining ranch location, it remains an important 
point from which to evaluate the social cost of alternatives. 
Before the optimal ranch location, in economic tenns, can 
be identified it is necessary to research three different 
areas. Foremost is the value of enhancement to salmon 
anglers. Here we need to know not only how much an angler 
is pre~ared to pay to increase the opportunity of catching 
a salmon, but also the effect of crowding in determining 
the number of days an angler actually fishes. Preliminary 
to this research, are surveys of the type currently being 
undertaken (Sharp pers. cornm.) to evaluate the economic 
worth of a salmon fishery. The second area of study is to 
determine, for a particular river, the decline in market 
value with distance as salmon move in from the coast. Given 
these two relationships and a knowledge of the distribution 
of the angler catch (the third area of study), the model 
could be used to determine the most economically efficient 
ranch location in terms of net social benefit. 
0- ~_'_'.-:-~.~:::;_: 
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However, there are other river users that must be considered 
in any allocation of rights in a common property resource. 
Rivers act as both a rearing area and a migration chann~l 
for the fish released by ranches. Water abstraction for 
irrigation or industry, or hydroelectric power developed 
have the potential to conflict with salmon ranching by 
t. :':"::'" 
..-~ .•• -. .: •.. -.:« 
h:l~:~:i~~i~ii~~ 
1- <,"-:-.,,- -:~:. 
1 
reducing flow rate and possibly water quality. 
is necessary before the effect of these changes 
economics of salmon ranching can be assessed. 
More research l ___ c,: 
on the r--····;,···· n'--X~~i 
Maintenance of a high quality water supply to the hatchery 
is a prerequisite for the success of a salmon ranch. In 
some areas, this constraint may restrict land use practices 
in the catchment area for the hatchery water supply. Equally: 
potential salmon ranch sites are not plentiful and it may 
be desirable to protect those that have been identified. 
Adequate protection of existing salmon hatcheries and 
potential salmon ranch sites can only be given by the formal 
recognition in District schemes, of the relationship between 
the water quality requirements of salmon ranches and land 
use practices in the ranch water supply catchment. 
Exportation of production from New Zealand salmon ranches 
is not anticipated for several years. Even so, it is at 
this stage that discussion on market policy should be promote 
I-
I 
i 
I' 
c.-.-_-cc.·.-_-_-
Overseas, salmon is sold as a high quality luxury l?roduct to t .• --
itional bu~ers. If New Zealand is to derive the maximum 
benefit from the salmon ranching industry, it is essential 
that the first exports of salmon establish New Zealand as 
a producer of quality product. To accomplish this will 
require the agreement of all salmon ranchers, and the 
adaption of an overseas quality classification system for ·-·.""C· 
New Zealand quinnat. Achieving either of these objectives 
may take a long time; 
Experience in North America has demonstrated that salmon 
ranches do not need to be situated on existing salmon rivers. 
Developments based on coastal sites using pumped sea water 
to rear juveniles beyond smolt size would remove the 
opportunity for conflict with river users. Current 
ranching policy, which has as its primary goal the 
enhancement of the sports fishery, effectively prohibits 
this type of development by not permitting supply of ova 
from wild stock unless special arrangements can be made 
with the localacclimatisation society. However, devel-
opment of coastal ranches may take place after existing 
ranches establish their own ova supplies. 
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The economic potential of salmon ranching identified in this 
analysis, has yet to be achieved. Economic incentives 
facing potential investors during the development phase 
of the salmon ranching industry diverge significantly from 
those of alternative investments. Collectively, extreme 
uncertainty over returns of adult fish, lack of knowledge 
of commercial hatchery planning and operation, high 
industry exit barriers, vaguely defined "property rights" 
and uncertainty as to market prices, make salmon ranching 
a high risk investment. Given all these factors along with 
the current development incentives offered to the private 
sector, it is doubtful whether the "probable" 19% internal 
rate of return identified for a ranch operating at a 
river mouth will be of sufficient potential return to 
attract and retain private venture capital. From this 
conclusion it is evident that unless salmon ranches can 
be located at or near to river mouths, development of a 
salmon ranching industry that also enhances the sports 
fishery is unlikely to take place. 
Because the benefits to the nation from a salmon ranch 
that enhances the common property fishery are greater 
than the benefits received by the ranching firm, there is 
justification for giving special incentives to the salmon 
ranching investor. An alternative is to provide the 
means for the salmon ranching industry to harness some of 
the benefits accruing to the users of the enhanced fishery. 
Proposals to allow the sale of sea-caught salmon through 
ranching 'firms may go some way towards compensating 
. I 
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ranches for their enhancement of the ocean fishery. Arrange-
ments for payment from the sports fishery, could be by way 
of a compulsory levy on licences, or perhaps a reduction in 
licence fee for anglers who own a certain number of shares 
in a river based ranching company. 
During the development phase of the salmon ranching 
industry the dominant feature of salmon ranching economics 
will be uncertainty. Response by salmon management 
agencies to this position must be flexible. If, as this 
analysis indicates, many of the existing ranches are likely 
to be uneconomic, and if a salmon ranching industry is seen 
as desirable, then the effect of the structure of salmon 
management decision-making on ranch location may need to 
be reviewed. Nevertheless, at this stage of industry 
development, policy that rigidly defines the allocation 
of the salmon resource between commercial operations and 
anglers, may not be in the nation's interest. Overall, 
the future of the salmon ranching industry will be best 
served by salmon management policy that retains the 
flexibility to adapt to the uncertainties of salmon ranching 
economics • 
• 
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APPENDIX 1 
ORGANISATIONS INVOLVED IN SALMON MANAGEMENT 
Responsibili ty for the control of all ·fishing .. ac!!t:i vit~ lies 
with the Ministry of Agriculture and Fisheries (MAF) under 
123. 
the Fisheries Act 1980 (currently under revision). Management 
of the freshwater recreational fishery has been delegated by 
the Ministry, under the act, to the Acclimatisation Societies. 
control of the commercial exploitation of quinnat, both in 
freshwater and at sea has, however, been retained by the 
MAP. Acclimatisation societies are responsible for the 
management and conservation of recreational reS'ourdes: : 
within their boundaries. The societies receive management 
policy from the South Island Council of Acclimatisation 
Societies (SICAS>. , but determine management and research 
priorities within their own districts. Legislative respons-
ibilities of the Societies are found within the provisions 
of The Quinnat Salmon Regulations 1963, The Freshwater 
Fisheries Regulation 1951, The Fisheries Act 1908 and their 
pursuant amendments. These provisions include the 
protection and enhancement of freshwater fisheD.{in the 
interests of anglers, the right of approval for any release 
of acclimatised fish, and the education of members of the 
public in the "true principles of sportsmanship II (Bryant, 
1979). In addition, through the reconunendations of the South 
Island Salman Committee (a sub-committee of OICAS) the 
Acclimatisation Societies control the allocation of wild 
salmon stock to salmon farmers either as ova, fry, or 
spawning adults. 
communication between Acclimatisation Societies and the MAF 
is afforded by a non-statutory body known as the Freshwater 
Fisheries Advisory Council (FFAC) formed by the Marine 
Department in 1964 (now the MAP). The duties of the FFAC 
are to advise the Minister of Fisheries on ?ational aspects 
of freshwater fisheries' administration and research. Figure 
8.1 overlea,f illustrates the relationships between the 
I •••• ' _", 
~~~:~~~~1~~:;;~:· 
organisations involved in salmon .management, and details 
interest groups with observer status as well. 
124. 
Although the Minister has the legislative powers to override 
the.recommendations of the Acclimatisation Societies, he has 
seldom seen fit to do so. In reality, the granting of a 
licence to operate a salmon ranch requires the following 
consents: 
(1) A provisional licence granted by the Fisheries 
Management Division of the MAF approving the expert-
ise and financial resources of the applicant; 
(2) Approval of the local Acclimatisation Society for 
the release of s.almon into its waters. Asmany 
Society boundaries are defined by major rivers, 
approval from two Societies is often necessary; 
(3) An allocation of ova from wild fish made by the 
Salmon Committee of the SICAS. This is made only 
after local approval has been given; 
(4) The granting of a water right by the local 
catchment authority • 
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APPENDIX 2 
COST CATEGORIES 
Capital 
(a) ·Water System 
earthworks 
raceways 
control barriers 
pump 
pump house 
pump wiring 
pump piping 
stopbanks 
Operating 
(a) Salaries 
(b) Administratipn 
legal.costs 
insurance 
telephone 
stationery 
accountant's fees 
(b) Production System 
buckets 
mesh 
piping 
valves/filters 
timber 
roofing 
screens 
incubation building 
wooden barriers 
nets 
.Cel Other 
rent of land 
accommodation 
vehicle 
travel 
tool hire 
maintenance 
electricity 
chemicals 
water analysis 
ova collection 
l26. 
(c) Fish trap 
steel piles 
pile driving 
wooden barrier 
(d) Office & Store 
(e) Tools 
d 
PARAMETER VARIED 
APPENDIX 3 
RESULTS 
INTERNAL RATE 
OF RETURN 
% 
Scenario 1 - single release weight .(g) 
10* 9 
20 17 
30 17 
40 16 
50 13 
.60 11 
70· 6 
Scenario 2- single release weight tg} 
10* 
20* 6 
30 5 
40 5 
50 , 
60 
70* 
127. 
NET PRESENT VALUE 
($m) 
10% 
-0.08 
0.90 
0.87 
0.71 
0.36 
0.11 
-0.41 
-0.78 
-0.35 
-0.50 
-0.75 
-1.14 
-1.56 
-2.24 
*Required ova supplementation beyond the first three years 
".\' ... --
-~ - ~ - ~.- -- -", 
j-, •.•• .; •• - •• -. 
1 
I 
i 
SENSITIVITY ANALYSIS "PROBABLE SCENARIO" 
Parameter varied Internal rate 
of return 
% 
Initial release weight (g) 
5.0 
10.0 
20.0 
30.0 
Final release weight (g) 
20 
·30 
40 
50 
60 
Parameter Varied 
20 
21 
21 
18 
20 
21 
19 
Release weight (g) for single release 
10 
20 
30 
40 
50 
60 
70 
• 
Safe loading density (kg feed/day/m3 ) 
0.2 
0.4 
0.5 
0.6 
0.8 
Net present value 
($m) 
10% 
1.65 
1.76 
1.63 
1.07 
1.58 
1.76 
1.52 
Ova Capacity. 
(million ova) 
9.8 
7.8 
5.8 
4.8 
4.1 
4.l 
4.l 
3.9 
7.8 
9.8 
11.8 
15.7 
TI 
, I , 
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SENSITIVITY ANALYS·IS - ~'~ROF.3A:B.LE· SCENARIO" 
PARAMETER VARIED 
TemEerature re9ime 
Monthly average +2 
Monthly average 
Monthly average -2 
Monthly average -3 
Monthly average -4 
Food conversion ratio 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
Safe carrying capacity 
(kg 3 feedjdayjm ) , 
0.2 
0.4 
0.5 
0.6 
0.8 
INTERNAL RATE 
OF RETURN 
% 
18 
21 
22 
23 
21 
22 
22 
21 
20 
19 
18 
7 
18 
21 
24 
. 27 
l29. , 
NET PRESENT VAL 
($m) 
10% 
1.08 
1.76 
2.11 
2.17 
1.69 
1.91 
1.81 
1.76 
1.56 
1.47 
1.30 
__ 0.19 
1.71 
1.76 
2.41 
3.71 
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SENSITIVITY ANALYSIS, 
PARAMETER VARIED 
"PROBABLE -SCENARIO" 
INTERNAL RATE 
OF RETURN 
% 
Market price of salmon flesh and salmon roe 
variation from baseline scenario 
-40% 9 
-20% 16 
baseline 21 
+20% 25 
+40% 28 
Market Erice of salmon flesh ($/kg) 
4.0 7 
5.0 16 
6.0 21 
7.0 26 
8.0 29 
10.0 34 
12.0 38 
, 
Market Erice of salmon roe ($/kgl 
not sold 16 
10 19 
20 21 
30 24 
130. 
'NET PRESENT VALUE 
($m) , 
10% 
-0.04 
0.84 
1.76 
2.64 
3.52 
-0.23 
0.76 
1.76 
2.75 
3.75 
5.49 
7.23 
0,81 
1.2'6 
~~-76 
2'045 
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